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DN A TYi>I-NC BV MASS SrECTROTVffiTRY WIT H 
P OLYMOI^PIITC DNA REPE A T MARKT<rRS 

BACKCROLNI> O F THE INVENTION 

5 A. Fiisld uf the Invention 

The prcaent jr)vcn(ioii is gen-crdUy directed u> Ihe Jid.d of genetic idcotity 
duLuciioTi including forciiitie idcntificaiion iind patea:mty lusLiriu as well as gcnclic 
mapping. Hk; pTC5«;m invention is irore specirH:aj|y directed to ttie asc of mass 
i-pcclTometty to detect Ictiglh variaiions in DNA nucleoli Jc ^jcqucncc repeals, of^n 
10 referred lo as shorl landem repeaLs fSTR")^iLTinMaellite repeats or simple sequence 
Tqjcais C'SSR"). The invcndon is also directed to DNA Mcqucnccs provided for die 
analysis of STK polymorphism.^ Ht .specific loci on j^ecific cliromosotncs. 

B. Description of Rclnteil Art 

Polymorphic DNA tandem repeat loci arc useful DNA markers fift paternity 

1 5 tciuing.. human identiticaLign^ and geticti c mapping. I Itglicr organisms, including 
plants, animaUs und iiumans, contain segmettu; oFDNA seqtieiice vriih variable 
sequence repesis. Commonly si7£d nq^eats include dinucleotides, trinucleotides* 
tctraouclcoddes and lacker. Tlw number ofriqiealsocciurriqg at a particular 
lociisvaiydcpudii)g on the locus and tl)c individual nom a The 

20 sequence and base conq)oshion orrepeats can vary significantly, not even lemainiiig 
constant widiin a particular nucleoiidc repeat locus, DNA nucleotide r«rwins are 
known by sevieial dlfTereni names including microsatcllitc repeats, simple sequence 
repeats, fh^ tandem repctus and variable nucleotide tandem rcpvaLs. As used herein, 
the term "DNA umdem nuclcoiide repeal* rUl?IR-) refett; to all types of tandem 

25 T^eat sequences. 
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thousands of DTNR loci have been idenufied in the human genome aad have 
been prcdicicd 10 occur as frequenlly 4Js once e\'ery 1 5 kb. Piqjukrtion studio* have 
been iindertaken on do/cns of these STR markers as well as extensive validation 
f^iudics in forensic laboralorin^s. Specific primer sequences iocated in ibc regions 
5 flanking the DNA tEmdeui repeal region have been used lo amplify alldcw from DTNR 
loci via Ae |wlyincn«« chain rcaciion ("PCR*'^'*). Thus, tht PCX™ products include 
ihc polymorpSiic repeal regions, vAi\d[\ vary in knffh dei^ending on ihe number of 
repeacs or partial repeats, and the flanking regirin.% whidi are typically of constant 
'length and sequence between samples. 

1 0 'ihe number of rcpcm present for a particuku individual at u particular loci^ is 

described as ihc allele value tor Uic locus. Bea=iiLHi: must chromosomes arc presetu in 
pairs, PCR™ amplificaiions of a singk Iwus commonly yields Iwo ditferetit s-i/ed 

produels representing two different nrpuai numbers or allele values. The range 
of possible repeal numbCTs fox a given locus, determined thnxufh experimental 

15 sampling of the population, is. dcfmed as the ullclc rangc^ and may vary for eacli Incuif, 
c.i'., 7 to 15 alleles. Tnc iiliele PGR™ product size range (allele size range) for n 
given locus is defined by tlie placement of die ivw PCR™ primers rciauve to the 
repeal region aiid ihc allele range. Tlie sequences in regions flanking each locus nnist 
be falriy conserved in order for Ihs primers to anneal effectively and initiate PCRTM 

20 amplification. For purposes of gerielic analysis di-, iri-^ and tettanucleoliilc repeats in 
the range of 5 to 50 arc typically utili?^ in screens. 

Many different primers have been dcsigiuxl for \'arious DTMR loci and 
report^ In die liieruuire. These primes anneal m DMA sequences outside the DNA 
candcra repeat region (u jroduce TCR^ products asually in (he size range of 1 (MMtOO 

25 bp. Thci^eprimenj undesigned with polyacrylaniidegdelectrophi^ 

m mind, bocaosc DNA separations have traditicmally be«i performed by skb gel or 
eaiiUary electrophoresis. However, iwith a mass $peclrumctiy approach U) lyrNR 
typing and analysis, examining smalls DNA oligomers is ad\'antageowi because the 
sen^tivity of detection uad mass resolution are siqierior wiih smaller DNA oligomens. 
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The ad\'aniai»i;s of usdng mass spcctrranetrj' tor characlcrizii^; DTNRs include 
a dnimatic increase in boiii ib« speed of analysis {a few seconds per sample) smd die 
accuracy ofdin^cl mass measurcincntsi. In contrast. &1cclTopti(jn$tic methods; cvquire 
significantly longer Icnglhs of ilme (minutes to hours) and caii only measure the 

5 of DllNlils as a function of relative mobility lo comigicating standards. Ocl»based 
sc()anition systems also suffer liom a number or;iriiOici^ Lh»l reduce the accuracy of 
size measurements. These mobility iirtifhcis are related to the specific sequences of 
UNA frs^ments atid the persistence of %^imdary and tertiary atnicturai element^; even 
under hiRhiy denaturing corditions. 

1 0 The in ventons! have performed significant wotk in developing time-of-ilight 

mass q?cctromenry CTOF-MS'') as a means for separating and 5izini» ).)KA molecules* 
although other forms of mass spcelrometry can be used and are within ihc six)pe of 
this invoition. Balancing* the throughput and high ma.^s accuracy advautages of'lOF- 
MS is the limited size range for which the accuracy and resolution necess:fTy for 

1 5 characterizing DTKRh by mass spectrometry is available. Curruni state of the art for 
TOF-VfS olTcra single nucleotide rw-soiution up lo -'1 00 nucleotides in sl/i: and four 
nucleotide resolutioii up u> 60 nuclwiides in size. These numbers are expected lo 
grow as Tiuw improvements arc developed m ihc mass spectrometric field. 

Existit^ gd-bascd protocols for the analysis of DTNRs ck> nol worlc with 

20 TOF-MS because the allele PCIU^ product si/e iange> t>'pically beC wccn 1 00 and 800 
nucleotides, is outside the current resolution capahililic^ of VOK-MS. Applicaiion of 
Ul NR analysis to TOF-MS requires the devdopmeiu of new primer sets that produce 
srruiU VOL™ products SO u> 1 60 nucleotides in ient^> preterably SO xo 100 
nucleotides to length. Amplified D>]Ainaydiiiu be used to generate single stxan^ 

25 UNA products that am hi the pre&ned size range for TQF-MS analysis by extending 
a primer in the presence of a chain termination reagent A typical class of chain 
lerminaLlon reagent commonly used by those of skill in the art is the 
dideoxynueleutide trq)ho5]diaics. Again, application of lXiI4R analysis to '1X)F-I^S 
leqniices thai the primer be extended to generate products of SO to 160 nucleotides in 

30 size, and inferably 50 to 1 00 nucleotides in lengdi. 
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Gcl-based .sysieniJii are capable of muliiplv: wng the analysis of 2 or more 
DTNR loci u$ing i\vo approjjches. llie first approach lo ^iaz partition tlie diF&rent 
PCRT" produci loci. Siae pardtiomng involves <lesigning the PCR"^" primes used to 
amplify different loci At) ihiil lliat the alldc ?CK*' " product size range for each locus 
5 covert a liifTcrent and separable part of the gei sxtc spccirum. As aji exairip]e» the 
PCR™ primers for Locus A mighl be designed so that ihc allele size range is from 
250 to 300 nucleniidcb, while tlie primers for Locus B are deslgnctl lo produce an 
allele ^ioc range from 340 to 41 0 nucleotides. 

Tliu >(econd approach to mult^lexing 2 or nioru D1 NR loci on gcl-hascd 
1 0 systems is the use of ^ctroscopk p&niiioniug. Current state of else art for gel-based 
systcnis involves the use of iluoresceni dyeis a& ^ipLxiue sq;>ectroscopic markers for 
dilieccnt PCR™ amplified loci. DiiTcrem chromophofcs that cmil light at difTeTCDl 
color wavelengths provide the means for dlffcTcnlial detection of two diJTerem PCR™ 
products even Iflhcy are exactly the s^tme size> thus 2 or niore loci can produce 
15 PCR^ products with allele size ranges that overlap. For example. Ix)cus A whh a 
green Huorescent la;; produces an allele si:£e range from 250 to 300 nucleotides, while 
I.0CUS B with a red fluorescent tag pn^duccs an allele size range of 270 to 330 
nucleotides. A scanning, laser-exeiled fluorescence dcicclion device motiiinxs the 
wavelength of einiiwions imd assigns different PCR™ product sizes, and their 
20 correspondin<» allele values, to Iheir specitic loci ba.scd on their rluoresccni color. 

In conirasi, mass s^^ectronu^' dirccdy detects the nii>loeide preventing the use 
of optical spectroscopic partitioning as a means for multtplexing. >\'hiie it is posdiblc 
to haw a limited use of size partitioning whh TOF-MS, the Uniited suec range of high- 
resolution d^eciion by WF-MS naakcs it likely thai only 2 difTerent loci can be 
25 ni uliiplex^ and sm partitioned. In many cases, it 'may not be possible to even 
multiplcK 2 loci and maintain a partidomng of tlic 2 diHerem allele slsse ranges. 
Ihoefons, new methods are needed in order lo eitiploy mass specurometry for the 
analysts of muliiploxed UTNRs. 
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SlQftf ARY OF TH E INVENTION 

1l is, therefore, a gnal of the present invcnlion to provide nevriy designed 
PCR™ prirticns which are closer U> the repeat feginns then have previously hcra 

5 cmpJoyed providing for Ihc efficictit anniyHis by TOF-MS. Sficcilically. the itrvcntion 
pri»vides oligonucleotide primers designed to characterize various DTKR markers 
u5(crul for humiiin identity teslinp. The primerfi wro for use in PCR^m ampltficadon 
schemes^ however, onu of skill in ihc art could, in light of Ihc prcsunt ctisclosurc, 
employ tbem to generate i^qnropriate fjizc nucleic acid products for 'IX)F-MS analysis 

J 0 using ochor methods of extending one or more of Ihc disclosed primers. Additionally, 
these primers and tlicir octension pniducts are suitable for dctocdon by ma&s 
spectrometry. Tbm. appUcuiions of diis invention include tbrensic and patemiry 
testing and genetic nanpping studies. 

An em(K>diment of the presera invcnlion encompasses aa oHeonueleotidc 

15 primer for ua: in arutlj^ziug alleles of u DNA tandem niiclcolidc repeat at a DNA 
Unticni nucleotide i^epeai locus by mass spectrometry, which includes a nucleotide 
sequence that c<ini«ins a flankictg region of the locxis where ihc i»imer upon extension 
t^nerates a product thai \^ cupable of being anai>'zied by mass spect^>lT1et^>^ 
Preferably, the oligonucleotide primer's 3' end will be complementajy to a region 

20 Cnnkmg a DNA tandem repeat region immediately adjacent u> the DNA tandeni 

nepcat lesjion or may ferthcr extend up to onc^ ivw, thiee. four or live landem repeats 
into the DNA twdcm repeat region. Used in tlilft aintexi ""immediatety adjacent'' or 
"immediately flanking"^ mans one^ two» threCt or four nuclcoiidt:%> away fitrni the 
DNA tandem repeal region of die DNA tandem repeat locus. 

25 Tlic oligoiuicleotide prhnois of this invention ure designed to genemtc 

extension pmducu umcnable to mass spectral Dnolysis and containing a DTNR 
acquenoe» or region of interest, for which one is interested in dcunrmining the mass. 
The "flanking'' regiow; of a Ul'NR locus arc the portions of DNA sequence on cither 
side ofilie DlNR re^on of interest For cmbodhnents employing VCR^ primers 

30 and polynienuscs to amplify a DTNR sequence, the primers are sufficiently 
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coiiq>lementary to a jHtrtion of oiic or murt? fljinkiiig regioos of tlic DTNR locus to 
allow ihc primer to efirectively anneal to tlic largcl nucleic acid and provide u sfite to 
exiend a complement \o the targ^L aucleic acid via PCR™. For embodiments 
cini>loymg primer exlCfision^ a preferred method is to use a single pimcr tliat is 

5 efficiently complementary to allow effective ancalling to a portion oVfi lai^t DTNR 
lociif! flarikiog reipun m conjunction with a cbain tcrmimition reagent. The tiiain 
lenuination rc-agcrit allows the producdon of discreet lirniuxl niw nucleic acid 
products for mass spectral analysis. Prercrral chain lenuinodoti reagent for use in the 
' pnr^cnl invention are dideoxynucleotide tri(^H.niphaleii. Therefore^ for the methods 

lU comprising any type of prner extension, it is ptefi^d thai ai least one of the primers 
is s^ufiieicntly complemeniaiy to a porti<'»] of a flanking region that is preferably 
adjacent to or clo^ to the DTNR re^on of itucrcsi, generally within about 40 
nucleotides of the DNA tandem nocleottde repeat region. As used in this coniexL. 
^aTjoui** mcims anywiiere from +1 lo 40 nucleotide*, and all the imegers in bcrv.«n. 

1 5 fw example. 1 1 , i2. =3, +,4, ±5 , -:--6, +7, +8, i9, J-IO, etc. nucleotides. 

The printer extension pn»duc(s are preferably single-stranded and itiay be any 
size that can l?e adequately resolved by mass spectroraetric analysis^, Prefeial)ly, 
dctecLcd, Lhc final prodnct singlc-stianded target nucleic acids are less than aboul 160 
or 1 SO bases in Icngih. More preferably, the extended nucleic aeid products arc fn^tm 

20 about 1 0 to 100 or 120 baseft in lei^h. As used in this context ''abiiut" means 

anywliere fmm ± 1 io 20 bases, and all the imegen^ in bctuTcn, for example, +1, ±2, 
=3, =4, ±5. J*, ±7, ±8, ^,±W, etc. bases. 

As used herein "a" will be understood lo mean one or more. Thus, "a DNA 
tandem rqieut marker^ may refer, for example, ui one, two, ifaree* four, five or more 

25 DNA tandem repeat mazkm. 

llie present invention is also diri^cled to new oligonucleotide laimers which 
have been dcsigt^ to match a portion of th;; flanking regions fbr various DTNR loci. 
Specific embodiments of this invention ineludc oligonucleotide printerfi designed to 
amplify the following DTNR loci: CSrJPO, D3S1358, D5S818,D7S820, D8S1179, 

.^0 D13S3 17, DI6SS39, UI8S5K D21S1 U DYS1 9, FHAK FBS/PPS, FOA. HPRTB, 
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IHOUTPOX, DYS388. DYS.19I, DYS392, DYS393. D2SI391, r)l8S535,D2S133&, 
D19S433. D6S477, 018518, D14S306, D22Sm F13B, CD4, D12S191, DIOS220 
and D7S523, With tlie exception of D3S 1 358, sequences for the SIR loci oflhis 
uivention are aci:cs;>ible to the general public through GenBaJik wying ibe accession 
5 numbCTs listed in Tabic 1 , These aiigonudeotide primers ma>' prcfcmbly contain a 
cle&vahic site, such as a recognition site lor Type II and ITS restriction cndonucleases, 
an exonuclcasc blocking ^tc, or a chemically cleavable site, for rv-ducing the length of 
ihc anq>lified product and increasing the mass spccinil resolution. 

Exunqples of some oligomicleoiidc primers that niay be employed for 

10 amplif>ingthc8cloci are listed in SEQ ID NC>:1 through SEQ ID MO: 10^ Preferred 
oligonucleotide prioicrs (hat also a^iilain a deavahlc phosphorortiioaie linkage and 
biotin moicly inimobili/ation on an avtdin» soeptavidin solid suppciri \xr^ 
.sequences accofding to SEQ m X0:2, SEQ ID X0;4, SJHQ ID N0:5, SEQ IT) K0:7, 
SEQ ID N0:9, SEQ ID NO:U, SEQ ID NOW, SEQ ID NO: 16, SEQ ID NO: 17, 

15 SEQ ID NO:l 9, SFQ ID NO:21, SEQ ID NO:23, SEQ ID N0:2S, SEQ ID NO:27, 
SEQ ID NO:30» SEQ ID N0:?1, SEQ Tl) NO:83. SEQ ID KO:84, SEQ H) NO:85, 
SEQ ID NO:86, SEQ ID NO:87, SbQ ID NOrSg, SEQ ID KO:89, SKQ ID NO.-90, 
SEQ ID Na9U SEQ ID Na92, SEQ NOiVG, SEQ ID KO:94. SEQ TD NO:95, 
SEQ ID NO:96, SEQ ID NO:9:', SEQ ID NO:98, SEQ ID KO:99. SEQ ID NO:100 

20 and SEQ ID NO:l 03. Ihasi^ newly designed primers; gcncrdte nucleic acid extension 
products which are smaller than those usedTHVviousfy vsitli clccirophoresis sqaiation 
mclhods. Additionally, ihese primers may be used in other medK>dis of primer 
extension known to thi;n>-e ofskill in tiic art. 

It vnll be apparent u> one skilled in the ad that sonur varbtions of these 

25 primers vdll also serve effecli wly, for example, adding or deleting <me or a fbw bases 
from the primer atKl'or shifting tiie position of the primer relative to the DTKR 
sequence by one or a tew bases. Tlius, primos encott5>asscd by flic jnvscrn invention 
include the jraners specili willy listed as wcU as modificMtions of these prim»s. 
Aldiotigh these sequences aru all biotinylauxl at the 5* end imd contain n 

30 phos^khoroduoatc Imkage at a particular location, one of skill in the art would 
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recftgtii-A: Lhal similar primcrsi having biolin moidics and the cleavabic groups at 
other sites would hIm) tn^ encompassed by the present mveniion. Primers coiiUiinixig 
lypi:^ urimmobijizatinn dttachnients sites othLT ihan biotiu, for example, would also 
be erioorfipa><«j;;d, i ypical1>^ iho placement of tlic ciciwable group is not critical as 

5 long as it is clos^ enough to die >' ond to cleave ihc cleave Ihc nucleic acid extension 
product to a reducisd-lciH^th amplified pixiduct thsit is amenable to mass spectral 
analysis. These primers in pairs may also bt; combined to generate overlapping 
1K:R™ product •M'flcs vAdclx arc all distinguishable b>' mass. Hov^-ever, for 
'embodiments multiplexing rndtipli: UlNR loci widi ovcrlafipinj; allelic ma^Q^ Tunges» 

1 0 strategic placement of tltc clea vable group may cifcct a separation or m interlca%dng 
of mass spectra! ()caks. 

Another embodiment of tiiiR invcnlion encomt^asses a kit r4;r iioaly^ng alleles 
of a DTNR locus in u target nucleic acid, having a lirsl strand and a scciond 
complementary strand, by mass spectromctiy wWch includes a Tinrt primer 

1 f» ccrniplcmcntary u> the tlankiiig region of a DN.\ lan%lcm micleotide nif jcuL region and 
a second primer comp!cmcDtar\' to the i>ppasite flanking t^toit ofu DNA landcm 
nucleotide repeal region. Preferred kits of this invcnnon are khs for andlyong the 
follou-ing DTOR loci: CSFim, D3S1 358, D5S«18, D7S820, D»S1 179, Dl 3SS17, 
D16S539, l)18S51, D2lSn.DYS19, F13A1, FFSa'PS, FOA, IIPRTB, THOK 

20 fVOX. DYS388, DYi>391, DVS392, D2Si39l, OmSSS, D2S1338, 

D19S433,D6S477, DIS518, D14S306, 11228684, F13B, CD4, ni2S391. D10S220 
and D7S523. 

Another embodiment of Ihi^ invention mcompasscs a kit for analvTnng alleles 
of a multq)ie DTNR loci in a target imcleie acid by mass> spectromcliy, ^vhidi includes 
25 a plurality of primers complementaiy to tbc flankii^; regions of ON A tandem 

mjcleotide repeal regions. Preferred kits of this invcnlion are kits for analy^mg the 
rollowiiigDTNR loci: CSFIPO, D3S1358,D5SSI8, D7S8?.0, D8Sn79, m3S3l7, 
D16S539.D18S5I,TO1S11. DYS19, F13AUFES/FPS, FGA, Hl»Rm THOl, 
TPOX, T>YS388» DYS391, DYS392, nYS393. D2S 1391 , D I $S535, D2S 1338, 
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Di9S433, D6S477, 1)IS518, DMS306, F13B, CD4. DI2S3!)Ll)lOS220 

andD7S523. 

The primers employed with ihes^ kits may preferably have ckavable sitej^ 
such as a recogjiiuon ^^ite for a restriction codonudease^ an exonuc lease blocking site, 

5 <jr a chemically cleavablc sdu:. l^erred chemically clcavablc sdtes encomfia^ 
modi Hcil h^isc^ modified ^sugars {e.g. » ribose), and chemically clcavable gtOMpa 
jiicorporated iaiu the i^osphate backbc^nc, sitch as dialkoxyRiiane, 3'<S)- ^ 
pho:¥horothioa!e« S'-(S)*phos]>hoFOthioaie, 3'-(N>phosphoroamidate, or S'-(N> 
phoq)hiiTvaimda(e Tinkages. Another preferred embodiment is a kil employing a first 

10 primer that is capable of attaching to a solid sapporr. 

For primer exten!;ion by PCR anipHficaUon, ii is preferable to cmpioy these 
primers in pairs. Prc&rred pali^ orprimers inclode the foilovvifig; a sequence 
according to SLQ ID NOI and a sequence according to SHQ lO N0:2; a i^cquence 
accorcUng to SEQ ID NO:3 aiKl a !!^iuence according to $KQ JUL) N0;4; a sequence 

15 according to SEQ ID NO:5 aud a sequence according to SEQ ID N0:6; a sequence 
according u> SFQ JO NO:7 and a j>cquence according lo SF.Q il) NO:8; a sequence 
according to SEQ ID NO:9 and a sequenee according lo SEQ ID NO: 10; a sequence 
accotding in SEQ ID NO: 1 1 and a sequeiKe according to SEQ ID NO: 12; a sequence 
according to SEQ ID N0:13 and a sequence according to SEQ ID \0:l4i a sequeiKe 

20 acc4>TdinR lo SEQ ID NO: 1 5 and a sequence according to SEQ ID NO: 1 6; a .sc«|uence 
according to SEQ IT) NO: 17 and a sequence according to SEQ TD >30:18; a sequence 
according to SEQ ID NO: 1 9 and a sequence according to SEQ ID >]Oi20; a sequence 
accordinj^ (o SEQ iO N0:21 aod a sequence according to SEQ ID NO:22; a sequence 
according tu SEQ ID MO:23 and a sequence according to SEQ ID N024; a sequence 

25 according to SEQ1DN02S and a sequence according to SEQ ID NO:26; a sequence 
according to SEQ ID NO:27 and a sequence acconJing lo SHQ ID N():28: a sequence 
accordii^ to SEQ ID N(>:29 and a sequence according lo SHQ ID NO:30; a sequence 
according to SEQ ID NOrS 1 and a sequence accordiAg lo SEQ ID NO:32; a sequence 
acconting to SEQ TT> NO:49 and a sequence according to SEQ TD NO:83; a scqw^ee 
accordii^ to SEQ ID N0;S2 and a siequcnec according to SF<Q TD N0:$4; a sequence 
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according to SEQ ID KQ:54 and a Ncquence occording to SEQ ID NO:85; a »:qaence 
accOfdin}; to SEQ ID K(>:56 and a sequence ucc4Hxling to SHQ ID N0;8&; a sequcnix 
according to fiT-X) TD KQiSi and a sequence according to SHQ ID NO:R7; a sequence 
according to SRQ ID NO:59 and a $cquccce according io SFQ ID NO:8S;a •j(;qu«nce 
5 according to SBQ ID KO:62 and a sequence according, to SHQ ID NO: 89; a seqticncc 
accorrlir^t Uf SEQ ID NO:63 and a sequence according to SEQ TD NO:90; a sequence 
according to SRQ IT) KO:66 and a sequence acconling lo SEQ ID NO:9l; a sequence 
uccordii^ to SEQ ID KO:67 and a scqut^nce according Ul> SHQ ID NO:92; a sequence 
" acciHrding U> SbQ ID NO:70 and a sequence mxording to SEQ ID MO:93; a sequence 

1 0 according to SFX) ID N0:72 and a sequence according to SEQ ID NO:94;a sequeiKc 
accivding to SEQ ID KO:74 and a sequence according to SEQ ID N():93; a scqiimce 
according to SEQ ID 'NO:76 anri » sequence according to SHQ ID NO:96; a sequence 
according to SEQ ID NO:7& and a sequence according to SEQ ID NO:97; a sequence 
according lo SEQ ID NO:80 an J a sequence according to SEQ TD NO;98; a sequence 

1 3 according to SEQ TD NO:66 and a sequence according lo SEQ ID NO:99; a sequence 
according u> SRQ ID NO:33 and a sequence according to SEQ TD NO: 100;and a. 
scqumce according lo SRQ ID NCh \ 0 1 and a sequence according to SEQ TD NO: 1 03 . 

In one eml>odiinent^ at lijust one of the primers used u> pn^Mte the nucleic acid 
CTCt^ion product ctminins a svwfaco binding moiety. »ueh as a biotin moiety, al the 5 - 

20 end and a cle<)vable moiety. $udi as a pho^horothioate linkage (see FIGS. 7A and 
7BX near the > •^^nd for a capnirc and release a^say, such as one using suepcavidin- 
coated magnetic beads for binding biotinylated primers, describe in PCT latent 
Application No. WO 96/37630, and incaqxniated herein by rdereoec. lliese linkages 
are often referred as tfaioidiosphatc linkage!^ as well. Incorporaiian of a method for 

25 obtaimng stnglo-sirandcd PCR™ products, such 6h is possible with the primer 

modilicaiions described above, is prefcnvd. Removal of one of the two fiirands halves 
the number of DKA oligomers ttiat will be visualizied by TOF-MS and iniprovi^s the 
likeliltood or resolving all I^R^^ product strands. 

Another embodiment of (his invention encompasses a mcihud £br analyzing 

30 DNA tandem nucleoiide repeat alleles at aDNA tandem nucleotide repeat locus m a 
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target nucleic acid by mass specLr\nnetr>* vAuch includes ihc steps of a) obuimmg a 
Utiget nucleic acid coniaining a DNA landcm nucleotide repeat rci'ion; b) exicnding 
the tan.^cL nucleic acid using one or jnorc primers lo obtain a limited jU/s; range of 
nucleic acirl cx(<nu>ion productfu wherein the primers arc complementary u> u ssquracc 
5 fianking the DN A laridan nucleotide repeat of ^iaid locus; and c) ctelennming the niass 
oflhv nudeic acid extension products hy irmss spectrometry, Vrlicn^ the target nxiclcic 
acid isi noimtilly doubie-stroAdcd {Le. it haa a ilrsc slmnd and a second complementary 
stnmd). Nucleic acid extension pnxiucts may be geticnitcd in this method by any 
means known to those or skill in tlw arL. wnd pamculnilY cither by ampiificatkm, snch 

10 as PCR amplirication» or by primer exieiwUin in eotyimction with a cluun termination 
reagent Preferred primers may itiimeUiacefy flank ihc DNA tandem repeat locus, or 
may fUnha: extend up to one. two. dircc, four or five landem repeats into the DNA 
tandem repeal rc^^inn. Used in tliis coiuexi '*imttKidiaic!y adjacent" or "immediately 
flanJcini?" means oiie, two, three, or four nucleotides av^w fixim the UNA taodra 

1 5 repeat region of the IW A tandci n repeat locus. Preforrcd primers may ci>niiun a 

cleavablc site, such as a rt:ci>gmtion site for arestricdon endonuclcs^se, an exonucluasc 
blocking site, or a cheoiically clcavable site, and be capable of attaching to a solid 
supp(jn. 

Thc^ primers may be capable of direcdy or imiirectly attacliini* lu a soiid 
20 support via covaletU or noncovalent binding. The primers may contain aj^ 

immobniyjiUon alUichment site <LAS) for auachmcnt to a solid support. ihLs site is 
usuali>' upstream of the chemically cleavable site. A ^Eoiliible immobilization 
auachment site is any $itc capable or being attached to a groi^ on a solid support. 
Thesesdustmay bcasuhstiiucwonaliascoTsugar^^ An IAS may be, for 

15 example, an antigen, biotin, or digoxigenin. Thi?» uHachmcaat allows ftir isolation of 
only one strand of an amplified pruduU. Sudi isolation ofcith^ smgle-fHrunded or 
doublo-slianded amplified target nucleic acids generally occun^ prior to the 
application of the nuddc ocub to the matrix sdotion, resulting ht weU-defmed mass 
spettral peaks trad enhanced mass accuracy. Thematrixsohilioncanbeany of Ihc 
30 known matrix solutions tised for noass spectnimctric analy^ inchuliitg 3- 
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hydmxypicolinic acid ("J-IIPA**), nicotimc acid, picolinic acid, 2,5-clili)'drox>'bcn^k 
acid, anci nitropbcnot. 

For example, rri otjc cmbodinienu h sinmd of a target nucleic acid cxicnsion 
product inuy be boumi or attached to a fsolid fsupport to permit rigorous washing and 
5 concomitant rctnovat of salt adductS: imwniitcd olit^ouucicocides and enzymes. Either 
adcHtblc-stranded or a single-strat^ed nucldc acid exicnsion product may be isolated 
tor mass spcctrometric analysis, llie singli^-iilrdndcd target nucleic acid extension 
product an^y/cd by MS may be either the strand bound or not bound lo the solid 
'^porL 

10 When an imtiound strand is used for MS analvTsL^ it is LypicaUy puri fied by 

£rst washing ttic huiim) strand and attached complci-pent under cc^ndilions not 
sufFici unity rigorous to disrupt the strand's aUachmeni to ilis bound complement. 
AAei unwanted bioroolecules and salts are removed* the complornrnt may then be 
released under more rigorous condkioivs. In contrasu wiien the bound iittand is to be 

1 5 analyasd, it h typically washed under more vigornus conditions such that the 
interaclions between Uk: bound strand, iTpreseiit* and its unbound complement is 
disnipted. Tliis allows the unhouod strand to he wstshed away with ihe other i^alts and 
unwanted biomoleculcfL Cleavable linkers or cleavabic primers may be uacd to 
release dte bound s^trand from die solid sup|>ort priDr lo MS aixalyds, 

20 i^ieferred prirticrs for practicmj^ this method itieJude primers dc$iimed to 

amplify DTNK loci selected from the group eomdsting of CSFllHJ, D3S1 3Sg, 
l)5S818,D7S}K0,I>8Sn79,D13S317,D16SS59,D18S5l,D2tSlUDYS19.F13Al. 
FR&YHS, FGA, IIPRTR, THOl, TPOX, DYS388, DYS391, DYS392, nY'S393, 
D2S139UD18S535, D2S13?»8, D19S433, DLS518, D14S306, 0228684, 

25 H3B, CD4, 0128391, D10S220 and D7S523. Prefened pairs of primers designed to 
aizq)li^' these loci include; a sequence accorditig to SCO ID NO: 1 and a sequence 
accnrding to SEQ ID N0:2; a sequence according to SFQ ID NO:3 and a sequence 
according to SEQ ID N0!4: a sequence accocding to SEQ ID NO:5 and a sequence 
according to SHQ ID K0:6; a sequence aecindrng to SFX) lU N0:7 and a sequence 

30 according to SBQ ID KO:8; a sequence accivding to SEQ TT>N0;9 and a sequence 
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according lo SF.Q ID NO: 10; a sequence according to SEQ ID NO:!! and a sssqucnw 
according to SEQ ID NO: 12: a sequence according lo SKQ ID NO: 13 and » sequence 
acconii ng lo SliQ ID NO: 14; a sequence according to SEQ ID NO: 15 and a sstjuence 
according lo SEQ lU NO: 16; a sequence according lo SEQ ID NO: 17 and a seqnaice 
S according to SEQ U) NO: 1 8; a ficciurace according lu SEQ ID NO: 1 9 and a sequcficc 
according lo SEQ ID KO:20; a sequence according to SFQ lU NO:2l and a sequence 
according to SEQ ID KO:22; a sequeiKC accordii^g to SHQ ID N023 and a sequence 
according to SRQ ID KO:24; a scquiaice according lo SEQ ID N0:15 and a sequence 
according to SEQ ID KO:26; a sequence according to SFQ ID NOii? and a sequence 

10 according to SF<? ID NO:2«; a sequence according to SFQ ID ^029 and a sequence 
according to SRQ ID NO:30; a <tcqucnce accordinj? io SEQ ID N0:3l and a sequence 
according [o fihi) ID NO:32; a sequence according to SEQ ID NO:49 and a sequence 
according to SFQ D.) NO:83: a ssequence accorJiiqj to SEQ ID NO:52 and a sequence 
according to SEQ ID NO:84; a sequence according U) SRQ in NO:54 mxd a sequence 

1 S aaxtrding to SEQ ID NO: 85: a ijcquence accrsrJing to SEQ ID NO:56 and a sequence 
according to SEQ ID NO:86; a sequence according U) SRQ ID NO:58 and a sequence 
according to SFQ U) NO: 87: a sequence acconfing to SEQ ID NO:59 and a sequence 
according lo SEQ ID NO:88;a sequence according lo SFQ lU NO:62 and a sequence 
according to SFX) ID NO: 89: a sequence aocoufing to SEQ TT) NO:63 and a Jicqnence 

20 acccirding lo SEQ ID NO:yO; a sequence according Ui SHQ ID NO:66 and a sequence 
according Ui SE<J! ID NO:? I ; a sequence j«xording to SRQ m *NO:67 and a sequence 
according to SFQ ID NO:92; a frequence acconlxiys to SEQ ID KO:?0 and a sequence 
acairding to SEQ ID NO:93; a sequence ;iccording to SEQ ID KO:72 and a sequence 
according lo SEQ ID NO:94;a sequence aeeoiding to SFQ ID NO:74 and a ^uence 

2S according to SFQ ID NO:9S: a {sequence according to SEQ ID KO:76 and a sequosce 
accordbg to SEQ ID NO:96; n sequence according to SEQ ID NO:78 and a sequence 
according to SEQ ID NO:97; a sequence according u> SEQ ID NO:«0 and a sequenw^ 
according lo SEQ ID N0:9S; a sequence itccording to SEQ ID NO:66 and a sequence 
according lo SEQ ID NO:9^ a seqoence accmding to SEQ ID NO:33 and a sequence 
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accordit^ to SEQ ID NO: 1 00; and a Jicqucncc according to SCQ IT) NO: 101 and u 
seqoence acconiiDg to SEQ H) NO:103. 

Hie present tnv<;nlion alito focuses on mx improved nicLhod of multiplexing Ihc 
aruilvm of nucleic acid extension protiiicts derived frocii DNA auulcglide repeat loci, 
5 Tills xncllKHl diflcfs from krH>\vn methodj; of muitiplexiiig DTNR onalysus in that mass^ 
spectrometry in employed and the range of pof;.<:tble nucleic acid extenision products 
for Ihc multiplexed loci, Ihe allele nucleic iicid extension ptoduct si^ ranges, mHv be 
spccrfically ;^osen to overlap in the ma»i $calc yet be uniquely resol vod and detccu.^!. 
Thu^ ihh invention encompasses methods lot analyang more thun one target 

1 0 nucleic acid in wh ich ihc target nucldc acids are used U> produce moie than one 

nucleic acid product extension product and wh(^ each nucleic acid extension pnnlua 
may comprise a difTcrenl DTNR soqiKaice- A preferred cmbodinocnt encoirqjasses 
simuhanuouisly determining Ibe mass of more than one DNA tandem micleotide repeat 
allele a? more than tine DNA tandem nucleotide rqicat loci. According lo this 

15 embodiment sevexai ampiificution products containing various DTNR tksquenccs (com 
diffierent DTKR loci mity be analyzed in the same soluiion ivad spectrum, 

AckKtionaily, the DNA tandem nucleotide repeat loci may Imvc overlapping 
iillelic mass range!> l5Js?e FIGS, 4 and 5). The temi ''overlapping allelic mates ranges'* is 
defirkcd lo mean that the alkies that may be present for a partieular V)1NJI locua have 

20 masses tliat overl;^. or coincide, as obser\'£d by mass spectrometry with Lhc masses 
for d leleij from anotlwir D l'NR ioca'L 1 lie methods of ihc present invendon allow one 
to restolve these alleles by mass spectromeUy eilher by increasing the mass separaiion 
of fhese peaks or by modifying ihc mass of the amplified products containing the 
vmou:; UlUR sequences such that Ihe amplification products have interleavmg mass 

25 spectral peaks (see FIG. 

This novel intejleaved multiplexing aj^msach overcomes the TOF-MS 
limitations for $i/c partitionii^ and takes advantage of tlie lugb mass accuracy of the 
mclhod widiin Hie high lesolotion mass range bchm' about 160 nacleotides in »7e. 
One ^pedlic embodimcni cncompa&scs a method tliai involves^ the design of q>edfic 

30 primer or primers that produce nucletc acid extension products for a first locus with 



wo 99/14375 vcxnjmn ^sro 

!5 

deHniMi aliolc mass values. *l1ie priincr orprimers for ^ond locw; arc Lhen selected 
so chat vAn\e the mass range for the predicu;d nucleic acid extmii^ion products of ihe 
primers oveiiap with the mass range for the products of the first locus, the specific 
predic4od nucleic acid extcmion produci mass valuej^ differ from tiiosc i>f ihe first 
5 locus and thcrjforc can be uniquely resolved by TOF-MS. Further loci may be added 
to the multiplex using ifae same method such that three, four, five, six. sevetv cighl, 
nine, ten or more Joci may be anal^'^cd simuitaneciu^dy. 

The bask Innits for thLs multiplexiTig are defined by Ihe abiliiy to r\ssolve all 
possible mieldc acid extcnsioa prodtjcts withm u mixture. It is not inconcci vable that 

1 0 as many us 1 0 dilierent loci n^ght he mteileaved and uniquely resolv^. In addi liua 
to multiplexing two or more DTNRs it is also possible lo use this itu'cniion to 
inlcricavc mixtures of DTNRs with .vpecilic nucleic acid cxiensicm products ariidng 
from nofltcpcai loci> e.g., a DTNR locus with allelie nucleic acid extenNion products 
72^ 76, 80, 84 and 88 nucleotidefi m bize could be simulianeously analyzed wiih it 

1 ? nucleic acid cxtoision product 82 nuclcixidcs in size, 

llie ability u> inun:leave lt>c5 requires that thenucleic acid extension paiducL 
mass values for all possible allele value;* should prefewbly be ktiowu These allele 
mass values may be dctermiaed empirical^ or more likely by caicidatioj) uj^ing the 
known loci sixpiences. In many cases it may be neccHsar>' to 'tine tune" the allele 

20 mass values for one or more loci in a multiplexed mixture in order to pcevcnl 

unrcsolvable overlap Ixiiwreen two Nucldc acid CKUmsioa produeis. For exar^lc, 
allele 5 fortius A may be only 5 Da<UaerBnt in ma&s than allele 9 for LocusB 
preveniing resolutiim ofdiose two Nuddc add extensioii products by mass 

jipceiromeliy. Mass niudifications to tme or htihlod may be used to increase tbb 
25 inassiUfrerencelolUODa. 

Adjusth^ the allele ma$s values for any ^ven locus may be done by any 
number of methods including: mcreaslng ur dccrea^ng the snze the of the uudeic acid 
CXtcnsdon products via alleied sequences and placement of the primers; addidon of 
rH>nh>'bridizing nucleotides to the 5' ends of one or mor« primcr^j. addition of 
30 nonnuclcoiide chemical inodiricatk»ns mtemally w lo the ends of octc or both primers; 
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olWnuions in ba5K: cdmpositjon within uim^ or both primer^ mcltKling ihc use of 
notiscatidaxd nucleotidef;, that may or niay nul result in xnistnatchcH withii) the pxim^; 
incorporation or^ind specific p1at:einenl of a cliemicvilly cteavable moiety wiiiiin |}ic 
primer backbone ti> ruduce the length of the nucleic acid gxtcnsioii product by & 

5 selected amount; enzy malic cleavage of the nucleic acid cxtx.^^•ion products using a 
reso'iaion ccidonuclease that recognizes a refitrkiion site witliin one or both primers or 
within die nuekic acid extension product itself; usl: ofu S' lo 3* exonuclease in 
ci'Hiccn wilh exonuclease blocking moiiified nucleotides contained widiin one or more 
'primers: ineifiporadon of nonslandard deoxyribonueleotidcs or cbcmicaily or 

10 isutopically modiGcd nucleotides; during potymcnymioi^ any number of nie^hticls of 
mssR modiTyiDg by addiium of chemical moieties post amplification: by using 
diHerent chain termination reagents in conjunction mth primer exicnsiou; or any 
number of other tneani; that anyone .skilled in the art would be able ti> idcutify. 

Another onbodjnieni cinxvmpasses a method of muliiplcxinni amplificiilion 
products containing DTNRs having ovcrl^ping allelic ranji'cs ipvdiere ai least one 
anopiiiication product contains u mass modified nucleotide. Mass modified 
nucleotides inchide nucleotides to winch nonmicleoiidc moiedes have lH:en 
chemically auached; baseK having altered compositions: nonsiaiwlfird nocleiiUdcs, that 
may or may not cusull in mismatches within the primcri; and any ba^vcs \\'faose masses 
have been modified through the addition of chemical ittoietics after the auiplification 
&t(7. 

Ahematively, die length of ax least one exiet ixion product mcy be reduced hy 
1 5 deaving the «xt»sion product at a cleavahl u site such as a restnciion oukmudease 
cleavage site, an c&onuciease blockiAg site, or a chemically cicawbic site. Prcnoned 
clicmicaily deavablc sites for multiploxing inchidi: ttwdiikd bases, modified suigm 
(e.g., ribosc), or a chemically deavablc ipoup incorporauxl into the phosfrfutte 
backbone, such ^ a dialkoxysilane, 34S)-phosphorodiioate, 5*-(S)-phos])liorothioatc. 
20 3HN>-phosphoroamidate; or S'-(N)-phosphOFi>axxuda[te. Preferred primers may also be 
capable of attnching lo a solid support. 
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/Vuolhfir embodiment of this invoiiioa encompa&sw> ji melhod for mulliplracing 
the detection of more Ihon one amplified D\A f andem imcleoiidc rqjcat Duuker (nm 
more than one DNA landcm nuciennd^ repeat loci iiiclmling: determining the mass of 
moru lhan one nucleic acid cxteasion pnnliKn by mass spcciromciry, wheitt iho DNA 

5 tandem iiuclecaide repeat loci cacb compri^x: u DNA tandem repeal sequence mti n 
flanking sequence and have ovcHuppmg allelic mass ranges. Typically, at least one of 
the target nucleic acid cxitsnsion )>ruducis may contain a mass modify! n*^ group. 

"Mass modifyiag groiq)s*' may comprise any group ih^t alters the nu»s of the 
amplified products to produce inicricaving or otherwise resolvaMc mass spcciral 

1 0 pcak«. These groupii, which may be incoiporaied during or after primer cxcension, 
may be mass modified nucleotides, nonstandard de^xyribonuclcolides, or evwi 
clcitvahle sites as cleaving such a site modifies Uic mass by reducing the length of ihe 
extension producL As used in this contcxi, modified or rumsiandard bases arc 
Kaicrally midersiloi)d lo include bases not found in DTNR locus Ranking the DTNK 

1 5 sequence of ihe sample or larjict nucleic acid. 

BRIEF DESCRIPTION OF THE D RAWINGS 

FlG* 1 is a ma.ss spectrum of an allelic ladder from the tyrosine hydn.)xylase 
20 gene fTHOl Most of the common alleles for ihis S'lH marker (alieies 5, 6, 7, 8, % 
9 J, and 1 0) can be seen. Allele and 10 differ by a single nucleotide while the 
other alleles arc separated by four base». 

FIG. 2 displays mass spectra for several samples from the TPOX locus. 1 he 
top qwclrum is an allelic ladder eonmining alleles iwiKing from 6 to 1 3 repeats while 
23 the odw spectra show the iwluiion of various alleles for locus. 

FIG. 3 A dbpliiys the mass spectrum for the CSFIPO locus. 
FIG. 3B displays the mass spectrum for the D3S 1 3 SS locu;^. 
FIG. 3C displa>-s the mass vpectnun for tf lo DSSi 1 X locus. 
FlU, 3D displays the mass specirum for fhe D7S82U locus. 
30 FIG* 3E displa>'s the mass spectrum for tlie D8S1 179 locus. 
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FIfi. XV disptoys the spectrum tor tlie D1 locus. 

HC, 3G display*; ihe mass spectrum for the D16S539 locus. 

FIG. 3H displays die msa&s specuiim for ihc 111 locus. 

FIC. 31 UispJays the mass fipcctruni for the D21 SI 1 lociis, 
? FIC. 3%T displays llie mass spccb-gm for tlie D YS 1 9 locus. 

Hti. 3K displays the mass spectrum for Ihe F13A1 locus. 

FIG. 3L di^lays ihe mass q)ectrum f(n ihg FES/Fl'S locus. 

FIG. 3M displays the ama ^ctnim tor die FG A locus, 

FIG* 3N db;pla>'^ ihu mass spccinim fur the ilPR'iI3 Iocxl^ 
1 0 FIG. 30 displa>'s tbe rna^s b-pecccum ftrlhc THO 1 locus. 

FIG. 3P displays ihe mass spectrum for the TPOX locus. 

FIG. 4 is a simulated multiplex STR analysis of alleles vviH) ovcrUipping ssi/c 
ranges. This diagram depicts tlic cjqjcctcd masses for kraYwn alleles of TPOX and 
TTTOL 

1 H FIG. 5 arc muss sqpectra of mixtures of TIT01 and TPOX allelic ladders. Using 

the primer sequences for THOI (SEQ ID XO.:29 and SEQ ID NO.:30) and TPOX 
(SEQ ID NO.!3 1 and SEQ ID NO,:32X alleles oetween ihc difTcrcnt STR svMcms 
difTcT by only 120 Dakons flop spectrum). By adding two nucleotides lo the y-end of 
the reverse primer for *ll*OX (SCO lU N().:32), the TPOX »llele musses arc increased 
20 by (yOO Oullous, making them easier U1 resolve, 

FIG. 6 is a simulated multiplex STR an;)1ysis depicting the expected masses 
for D16S539 and O7S820 kno^ti alleles. Even vAAx dilTcrcnt repeal seqtzenccs, all 
knowo alleles may be reso1\-ed by maftfi -spectroscopy^ 

FIG. 7A shows the chctmcal fomtuta for 2'*dcoxythymidjne-3'-(Sh 
25 phosptorothloate. 

FIC. 7B showi^ the cheoiieal foimuhi for 7-deoxydiymidine-S'-(S> 
pha\phon?thioate. 

FIG. 8A shows the expected allele iri/cs for CTT multiplex analyses. The 
CTT multiplex is directed to the three STR h^ci CSFIPO, TPOX, and THOI . 
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llGs HB illustrates the results of the analysis uf u sKmple using ihc CTT 
multiplex, llie .sample h shown to contiiiri q homoz>'gou& TPOX alldc 8^ 
bcccTOJtygous lUOI alleles 6 ;ind 93, and a iKimui^ygous CSl' 1 PO allele 12. 

5 PESCRIFKON OF H J.US TKATIW EMBOmMl.:NT5; 

The present invention focuses on a mass spccirometric metiiod of mulliple)«iig 
tbe analysis orNuclcic acid extension pnxhicts which ovcrlnp in mass derived iiom 
D.NA nucJeotide repeal liici. For example, lo resolve all possible atide^ of Ae 

1 0 DT\Rs being aoaiy zed the masses of the Nucleic iicid extension pnttliicis from two or 
nnore DTNR markers may be offset fmm one anotlier so ihai any two possible alleles 
(or «ny iwo pcissible eommon alldes) do i\oi iiverliip in mass within Ihc mass 
resohidon of the mass spoctrometer, yet the rangw of (N; possible alleles do ovcriap. 
Wiihin Ihc overlapping nms range, defmeil n^s* the mass range held is common by two 

15 loci with dcEtjncd allele aze ranges, the DTNR marker m;iy be offeet from on,; another 
by ^iornc fraction of the mass of the sequence repeal unit, e,g, for tctramicleotide 
D'fNR markers mass olfiets le.«K than four nucl«tidL\ Tot dinuclcotide DTNR^i mass 
offsets less than 2 tmcieotldcs. Odier lypesi of oftel, such as may be found \^*ien 
multiplexing dmuclcotide repeat ioci vvitb tetranuelcotide or complex nucleotide 

20 rq)eal loci, mi! be apparent to one skilled in the art. 

This approach overcome!^ the TOF-MS limitations for size partitiomog, vdiere 
the PCR™ prndtiei for the allele tunge of two or more sots of possible loci do not 
overlap, by taking advantage of flie high mtm accarac>' associated with mass 
spectroscopy vrithin the high o^oiution mass range (below '^l 60 nuclcoiides in sizt), 

25 Aidiough this meihud is currently moirt useful for oligonucleotides bekw - 1 60 

nucleotides, this size is a Amction of the number of nuclcoddc^ in the repeat as well as 
the resolution of the mass q^cctzoscopic method. Therefbie, largicr oligonucleotides 
arc also useful with the present invention, paciiculariy where larsct repeat seqoenccs 
(tetra- vs. dinuclcotides) or as advances in mass specttoscopy alk>w for greater mas^ 

30 resohition in higher mass rangeit 
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'JTiis rnxjltiplcxiT^ raediod iiivukv^s ihe design of t^jocific primcRi ihai produce 
Nucknc 8cid cxiension product for a fir&t locus with defined alldc mass values. The 
primera for the 5»xond loais are ihca chosen so thai while the mass ranyc for the 
difff^eiit alieieis overiajw wth the mass range tor the firsi Jwus, the specific ullek 
5 masfi values differ from xhmi: of the first locus and tliereforc c:in be uniquely n^lvcd 
by TOF-MS. Xh» sdentity of each allele, dellnal by the specific Nwteic acid 
extension producuf being characierizcd. is uniquely dcl«snnined using ihc high 
accuTiicy molecular ma$s values provided by TOF-MS. ?n contrast, gel-based 
1nediod5t tin; nol capable of pmviding accurate nms values for uniquely identify inj; 
1 0 each product within a multipiexed, allelically iniedeavcd mixture of Nucleic acid 
extension products. Tlie basic limits for tliis multiplexing tnclhod are defined by the 
abilitj' to resolve all possible, or ull comnwn. Nucleic acid extension prodwts within 
a rtiixlurc. Potentially ax many as 10 different loci mlfihl be interleaved and fully 
resolved. 

15 The invention rutihcr relates U) primers designee lo ciKiracterize ^^ TINA 

repeal tnarkerss useful for iiuinar) id*;ntit>' testing. Applications include forensic and 
pawmily testing as well as genetic impping studies. These D'iT^R markers are useful 
m PGR™ amplification, prelcrably as pairs ofolitfonucleoude primers, and in oilier 
methods of primer extension may be used as single primers, the eocteniiion products of 

20 vAich may he accurately detx;eled by mass specu-ometry as they are smaller than those 
used previoasly with eleetrophorcsis separation methods. 

These new oligr^nueleotide primers are destgnal ui mulch a portion at the 
flanWng regions for DT\R loci consisting of: CSFIPO, D3S1 358, USS81R, D7S820, 
l)8SlI79,Dl3S3t7, D16S539, D18S5U 021S1 1, DYS19,FI JA1. FBS/FPS, FCiA, 

25 HPRTB, niOl , TPOX, DYS38«, DYS39L DYS392, D2S1 391, D18S535, 

D2S1338,D19S433, D6S477, D1S51X, Dl4S3l)6, D22S684. F13B, CIM, D12S391, 
D10S220 and D7SS23. Whh the exception orD3S135«, sequences forihe SIR joci 
of this invention are accessible to the general public trough CcoBank usmg the 
accession nurnher^ 1it4ed m Tabic L I'ht sequence ID Numbers given in Table 1 

30 correqjQod to the DNA sequence of the DNA tandem repeat regions of cadi locus and 
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ils flanking regiiins. Flanking sequences furdier ftom ihc DlNR region cowld easily 
be obtained by one of skill in the art bv Kcci^sdng the OenBank listings. HCS. 3A-3P 
display mass spectra for each of the S'fR loci itsicd in TABLR t. Tl will be apparcnl 
U> one skilled in i»k: an tbixi small variation of these primers wlJ also serve effectively, 
5 for exampie, adding or deleting one or a fevv bases from Uiu prtimfr aad/or shifting -Ae 
position relative to the template sequence by one or a few bases. 

Tbe uHc oftt hyl»idi7aiion probe of ahnuL 14-25 nucleotide^) in Icngch allow.s 
tliL fonmilion of a duplex molecule that is both stable and selective- Molecules 
having cimiiguoiis complemu-ntar\' sequencer over stretches gtcalcr than 1 4 bases in 
10 lenglb are generally preferred, ihoiigk in order lo increase stability and selecii vify of 
the hybrid, and thereby improve Hk- quulily and degree of specific hybrid molecules 
obtained. One will generally pxtahr to design nucleic acid molecules having s»ene- 
complcracntary stretches of 1 5 to 25 contiguous nucleotides, or e\'en longer when: 
desired. 

1 5 HybridiTation probes may be selected ftom any ponion of any of the 

sequences dif^closed herein. All that is rcquinxl is to review the primer sequences set 
forth in Table I or to any continuous portion of the sequence as in the DTNR loci, 
whose hycuis sequence ID numbers arc li^rtcd in Table 1 or any olhar DTNR loeus, 
from about 14-25 nucleotides in length up to and including the full length sequence, 

20 that one ^visbes to utilize us a probe or primer. Jlie choice of probe and primer 
sequences may he governed by various factors known to tt&ose of skill in the art 

Ihe i»ocejtfk of selecting and prq[3aring a nuclcie add siegmem that mcludes a 
contiguou:! sequence ftwn \^iihin tiie DTNR loci, vfhosc locus sequence ID numbers 
are listed in Tublc 1 or any other D^FKR Iocun, may RlcemBti\xl>' be described as 

25 prxTaring a nucleic acid fragment Of course, fmgmcnisnuorabso be obtained by 
other tcchxuques such a% e,g,^ by mcehanieal shearing or by restriction enzyme 
digestion. Small niKldc acid segmenu^ or Jhigraents may readily prepared by. for 
example, direcliy synlhe^zing the frE^incot by chemical means, as is commonly 
practiced using an aulomaied ol]g<xiucleoildc synthesizer. Aim, fragments may be 

30 obtained by application of nucleic ueid reproducUon lechnology, such as the PCR*"* 
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technology of (.1. S. Patent 4,683202 {incoTpomted hereiu by refcrenceX by 
hitroclucing selected scquraces inio recombinant vccUirs for recombiii4nl produciion, 
and by nthcr recombinant D>j A techniques gcnemlly kfu>vvii tg ihose of skill in the art 
of molecular biology, 

5 Accordingly, the nucleotide lii^cqueuces or Ihc invmtion m^' be chosen for 

Lticir abiitly U> selectively fomi doplex mol«u:ules ^i^th coiiq>l^entary .^ticlches of tlic 
Ibmking rcgionsj of DN A nuclccitide repeal n.^ons. Dependtnjs on the a!)r>liutlion 
envisioned, one will desire to employ varying coodilions of hybridization to achieve 
« varying; degrees of seleccivily of probe Cowards target sequence. For applications 

t Inquiring high siulcctivit>\ one will typically cbsire to employ relatively stringent 
conditions to form the hybrids, e.<^.. one will select relsitively low salt and/or high 
temperaiun: conditions, such w provided by a sah conucnlrutioD of irom about 0.02 \f 
to about 0. 1 5 M nt lemperaiurcs of from nbout 5(rC to about 70"C. Such 
selcciivc conditions tolcruic littse, if any. mismaieh bcslween tlie probe and flic 

i teinplate or target i^lTund. 

Ofcourse, for some applicatkin$« less stricigcnl (r^uced stritigcricy) 
hybridization ccmdiiions \vil] he tolerated by the primer extcri»iun system in order to 
alh>\v MijCTiciently specific formati<^ oPthe heteroduplex of primer and larget DNA. 
In tiiese circum:>ianccs. one may desire Ui employ salt conditions such as those of 

> from about 0. 15 M to about 0.9 M sjgdt, at teuipcruuires ranging from about 20T lo 
akniL Cross-hybridising spcciifti can thereby be rcadity identified as posiltvely 
fa>'bridi73ng signals with respect to coiitrvl hyteidizations* In any case, it is generally 
q?pieciated thai condicions can be r^dered more stringent by ihc addition of 
inocasing amounts of fonnnmide, which serves to destabilize the hybrid duplex in the 

5 same manner as increased tcnqjo^mirp. Thus. hybrtdiy:ation conditiocui can be readily 
manipulated Ui ensure that a primer sequence will yield c^^tansiuD product mainly 
bom the desired laiyel DTNR locus. 
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Ai Icasl one of the prsmersv in each locus-^iiccific pair couuiins a biotin moiety 
ai the 5*-end and a phosphorocbloaie Irnktuje nttached lo a T oc^ ihc 3'-end for » 
capture and ivlease assay asini> $treptaviditi-cgul«a mugnetic beads (PCr Patent 
Application Xo. WO 96.07630). Alihougb many of Ihc specilic primers of the prescait 
S invention are designed fw use in such a capture and release assay, sudi primen* need 
noi contain either solid-liinrtmg or cleavablc sites, or may cotiudn any combinaiion of 
them. 

The pll^p<l^c uf siiuch an assay is to increase maK.s resolution by (1 ) allowing for 
hiirhcr purities of the jmclcic add exten<uon product and (2) dc^seasing the si^ of the 
10 nucleic acUl cscttnsian product. Binding to a UiM support fainil:> ihc first goal by 
alknving tor snxingcni washes and removing the coiiiplcnj^ntury stnand of the DMA 
which povidcs cumulative inlViimation and complicates d)c mass spectra decreasing 
the resolution. 

Ihis lissay may be Q$cd io isolate sin^e-stranded or doublc-stratided amplified 

1 5 target nucleic acids. Tx'pically, at least one strand cif ao eanplifjed target nucleic acid 
h bi)iind U) H solid aipporc n> pcrruii rigoruus washing and concomitant removal of 
»jlt adducK, ua>^-antcd oligonucleotides and enzymes, liilhcr a double-$tranded 
amplified target nucleic acid <vr a single-sUTjnded amplified target nucleic acid mrty be 
isolated for mass spcctrometric analysis depending upon the stringeocy of the wash. 

20 The single-stranded ampH fieri target nucl^c acid analy74?d may be either the sirand 
bound or noi bound to the solid support. If the unbound strand is for MS 
analysis^ it is purified by first washing Ihc bound strand amd hs altaclied cumplement 
under conditions not sofTicjcally rigoroud to disrupt the lOrand. After tuxwanted 
Uomolecult^s and salts are reitt^x'cd, the complement can then be ruleased under niorv 

25 rigoroijs conditiims. Cleuvable linkers or cleavaHe primeis may then be used to 
n:1c»se ihe botmd strands ftcm the solid support prior to MS aiadysis. 

1 he sec<md goal is met by haviT^; cleavable sices io the pruner. Such 
cleavablc sites also eltminase unnecessary ^qwaices and allow Ibr the use of a capture 
and release assay and for printer nioditication for the interleaving muldpiexing 

30 method, described heroia For cxanqilc* moving the cleavable site along the primer 
backbone directly ntodifics the mass of the PCR^^ product The cleavablc site is 
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typically introduced via a clc;rv'able {?rirn« und the clcawblc siic is Jocated outjside of 
the region of irucrcsl. Cleavahlc primers may iodudc those comprLsinp, an 
cxomicleiise blocking moiety, a Type IIS restriction cndomjclcase recogiriiion site, 
and a Type H restriction on Januclease recognition site. 

S The liirget nucleic acids^ may, ihusi, be induced in length by my of the methods 

known that \v[[l cic<iv<!! within one oc more flank{n;T regions prefei'ably \\ithout 
dciiving withki tlic rjgiun of inieresi. Exemplaiy nicihiKh of Reducing length bclude: 
cleaving ui endogenous restriction endonuclcsise deavaUe sitir^ pnisent in one or more 
Hanking r^ionn absent in the riegion of inlcresl; cleaving at restriction 

1 0 cndiiTmciease cleavable sites at or adjsiccnt to reiSlriclion cndonuclease recognition 
sites [ncorporatcd into one or more flankiiiy n^cms by }xrz of one or more derivable 
primes comprising suid resuictcon c3Kk>mictcasc recognition sites; deriving at a 
combination of restriction cndonucleasc cienvable sites wbcrdo the sites arc 
endogenous and/or introduced unin^ mismatch orovertiangjng primcn;; and selective 

1 5 digestion of one or more flanking region'^ tx^ing exonucleasc and an exonudeaie 
blocking moiety m protect tlie regions of inicrcsl Ixoni digestion. 

The restriction endimucleases en^loyed with the present invention ineltide 
type 11 and tjTic IIS restriction endonucleoacs. The restriction endonudcase 
recognition sites may b;: diher witliin a primer region, or oiilside the primer region, so 

20 long as the resLriction endonudease cleovablc siles are within one more flatJiing 
regions and prefera}>ly not wilhin a region of interc*! . f or type 11 re&tricUon 
endonuckasest the restriction cndonuclcusc recognititw siic \i$ the !«me as the 
lestrictcon endonudease cleavable site. Tor Type US restriction cridonucleases, the 
dcavabie site is at a dciincd distance away from one side of the recognition site. 

25 Anolha embodiment oftheinv(mtioninvolvcHu»ng a cleavable 

having an exunuclease blocking moiety. «\ller ampUfication of the taiget nudcic acid, 
the amplifiod target nudeic add wiU include an cxonudease Mockii^g moiety. The 
azqplified taiget nucleic add is then treated with a 5* to 3' exonuckase, wfaicli 
degiades the strand conurinmg the exonucleasc blocking moiety in a 5* to 3' direction 

30 only up io the blocking imricty. The 5^ to 3' exonudcase may opticmally degrade the 
other complcmenlary stnmd of ibe amplified target nudeic add, in cases vAicx^ the 
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oihcr inrartd does not have an oconuclcasc blocking moiety. Toe irearmein with the ?' 
to 3* exonuclea«5 Icjivcs a reduced^taogth, siiigle^.smmdca amplified target nucleic 
acid for mass spectrometric iuiaiysis. 

Clcavable sites may aljso include chcinicaiiy clea\'aHc groups iucorporated 
5 within ihc phosphaic backboiKj linkaijc {e g, replacement of pliosphjiic with a 

phosphoramjdatc) or as » .tjubstimciu on or repJacsmeni of one of die Iroses or sugars 
of the oK?,omK:feotide primer {e.g. a modified base or .sugar, for example, ii more 
labile glycowdic linkage). Such chemically clcavahle groups would be apparait to 
one of sUU in the art in light of ihc preset disclosure and "mcludc^ for example, 

10 dialk«x>'silane, 3HS>pliosphorothjoate, 5^(S>phosplH»rolhioalc. 3'-(K). 

phosjAofoamidaic. 5'-(N)-phos5phoTOamidate, and ribose. FlfrS. 16A and 16R depict 
tt ^'-(S)-phosphoK>thioaie and 5*-(S)-plii.isphorothioatc, respectively as defined in this 
invention. Nolo lhat these linkajjcs are often relen-ed to as thiophosphate?; as well. A 
!sirmlHrnomencianireis(.inployed fur 3 -(N>phosphoRiHmidate. S'-CK)- 

15 phospAioroamidaic. 'Ihe chctniu'dJ}' cleovaWc vitc sAould gencnillY be ssablir imdtT ftie 
amplUicatioin hybridi/ailon and waslilng conditions u> be employed and is prefenibly 
within one or more of the flanking r^ions. 

In a preferred cmbodimexu, die clenvabic site is located near tlic 3* end of die 
primer used U> bind die flmpliQed target nucleic acid to the «>Hd .support. By locating 

20 die cleavable site near the 3' end, ii is possible to further reduce the length of Uh: 
ampliRcd uuget nucleic aeicl> eihninating a flanking rChHon from the polynueleotidc 
region of interest. Cleavable primers aredcijcribcd in PCTAIS96.^>6116.fikxl April 
26, 19% (incofportUcd herein hy reference). 

The primer paLrft described in this invention may be conibincd to generate 

25 overlappiriis PCR™ product siacs which aro :iU distinguiidiable by mass. 

If CK CONDITIONS FOR MLLTlPLFYHsjr, f%JKn PT?ft^ri xc 
Template: 5 ul, 1 rlOOO dflmion of AmpFUTTR Green I Allelic Ladders (PE 
30 Applied Hiosystems; coatainsi eommon alleles fiwi Ate STR lod CSFIPO, ITOX 
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und THOI and tlic scx-tv'ping mark or cimclogenin); for rcgulur sampics, 2-5 uL of 1-10 
ng or human genomic DN'A vr-as added lo the VCR reaciioxu 

RcacHon Mix: 20 uL reaction witJi JX STK buffer (Promcgft; contains 1 .5 
mM MgCU 200 uM dNTPs, etc.}, 1 1J laq polymerase (I'romcga), 20 pmgl forward 
5 and rcvCKc piimers with €m^ of tbein K'xng a primer containinft a biotin nwiici y on the 
S'-cnd and a thiodiymine res^iihie near the 3'-cnci of the oUgonuclcotkle. 

Thermal rydbig: In 0.2 mL tubes in an MJ Kosearch DNaX F^igine (block 
tcmpOTiturc) 94 ''C for 2 ndn; 35 cycles: 94 "C for 30 «ic, 60 X for 30 sec, 72 X tor 
-30sec;72*^rror5min. 

10 

E X;\MFLE2 

SAMPLE PURrFlCATI ON KOR Mm/m>Llj:XlJN<; DTNR KKSUL TS 
A t\T3icaE binding.Washiny protocol for purifyini; samples Tor PrrNR 
1 5 muldplexing includes the following steps: 

a) Wash 10 uL strcpLi\idin-cualcd magnetic beads wilh 2X bindings; wash 

buffer 

b) Repeat a second iime 

c) Add S uT, 5X binding/wash buffer then add -19 ul. of PGR .sample to ihc 
20 beads (I iiL was remo\'ed Pur an agaix^* gel check) and vortex sample tube for 1 5 min 

at slow speed 

d) Wash beads vAih 30 nl. ofZX bindinfi/wish buflfer 
c) Wash beads with 30 uL of 0.1 K NaOH 

f) Add30uLof01NNflOlIandvoTii:xforlOminals1ows9)eed 
25 g) Wash bt:ad:iwith3Dur.or0.1>l NaOH 

h) Ws^ beads \vidi 30 oI.oriOmM ammonium acetate 

i) Repeat step (h) five thnes 

j) W*ash beads with dcionized WHtcr 
k) Repeat step (j) twice 
30 Note after each siq)^ the sxipcmatant Ls removed while tlie beads are 

magnetically held in die hoUom of the tube. 
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After purilication ihc solid bound ijUunds were released by clgamg ai ihc 
chemically cleaveblc ihiopho5iph»te site by Oh: following procedure: 7 uT. of 0.1 uiM 
silver nittalc wja added and the sampl«> were iiKcbaicd at 4$ X for 1 5 min.; iho 
supematatU was then traasfLired to a cicao lube and 2 uL of 70 mKf DlT was added; 
i and ttnally tlie $amp\z was dried in a speed vacuum. For rahced .samples ihe preccdii^ 
protocol was inodifiei^ in thai aliquois of the sampler {v.g., 5 uL TIIOJ ladder - 3 oL 
TPOX laddijr) were mixed before the drying step. 

EXAMPLES 

10 MS ANALYSIS FOR ^^ JL riPL E?aNC lyWH RESU LTS 

The jnairjx consisted ofa 5: 1 molar ratio of 3-hydioxypicolimc acid (3-HPA; 
I^wusfer SynthesL<;) to picolinlc acid (PA; AJdrich^ and was pieparcd by mixing 1 8 
uL of a fn^hly prepjired saturated 3-1 IP A soUition (-0 J M) with 2 id- of 1 M PA 
'Hie sampk to be analysed w^ss reconfaiiuicd in 0.3 uL of the matrix and 
1 5 matmally spoLu^d on the sample plate. 

llic instrumcni conditions employed wiUi a lin*?ar time-of-flighi mass 
speciromi:U.*T consisted of dxc followinp^ aceeleiatiou voluigu of +20 kV: delay of +3.6 
kV al 1 .12 usee; laser Swlling of ! 79 on tlie polarizer, mass gate of 5.84 usee; and 400 
shots. A 2-pomt mass calibration with a J 5-m«r (4507.0 Du) and u 36-mer (10998.2 
20 Da) was employed. 



E X.VMFLE4 

Oligonucleotide primerf; iiie i>T>ically prepared by the phosphonimidite 
appfoacL In this automauxj, solid-j^Ktsc procedure each nucleotide \& inilividually 

25 added to the 5*-OTd of the gaiwing oHgonuclcotide chain, which is in turn ailachcd at 
the 3'-end to a :^did support The added nucleotides are. in tiie form of trivalcni 3 - 
phosphoramidites tl\ai ar« protected from pol^'merizcrtion by a dimciltoxyiritj'l 
r*D\4T") groiq) at the 5'-position. After base induL-cd phos^jhoramiditc coupling, mild 
oxidation to give a pentavalent plmfipliolriester inlcrrocdialc and DMT removal 

30 ]»x>vide!i a new site ibr oligonucleotide elongatiorL Thcac syntheses may fx; 

performed on a. Pcdan Elnier/A|^ed B iosysicms Division ON A synthesizer. 1 he 
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oUgonuolcoUde primers are then cleaved u(T Lhi; solid supporu and ihc phosphodiesier 
and exocyclic amirto moups are deprote4:Ted with ainrtioniiun hydroxtde. 

'I he biotiii. and 7/- anil 5'- (S) pK«fphorothioatc linkagci^ arc also prcparcc! in 
an auiOdUilcd fitsliion from phi>sphoramidiic inicmicdiates using similar pi'ocedLiru;> 
5 and either modi Iicd Ii9:>es or acti vmcd and protected linker molecniefu 

TWO STAGE MULTirLFXING REACTION: 
' OUTStPE PRIMERS htilt IIICirFR LEVEL Min/HPLEX FOLLOWED BY 
10 SINGLE DDN TERMIN ATIOK 

A triplex PCR reaction was run wilh 10-ng human genomic DNA i<3nplate in 
a 20-eI* PCR rcaclion. IMmers 5:pct:ific for the three STR loci CSFIPO, TPOX, and 
i'HUl >vere used as def^ibcd by ( f uang \*t al These pnmcrs produce lar^^cr sized 

1 3 PCR products than Iho primers HiOcd in this patent and the primer sequencer from 
i'abic 1 lor these diree STR Iwi are vvitljin die product region. 

Multiplex PCR components: 20 fiL remtion containing L5X laq bunbr 1 1 (rii 
Applied niiVq^stcmisV 200 >iM dNTPs, 1.5 niM MgCl^. 1 U AmpliTaq Gold (PE 
Applied BiosysteuwX 0.5 uM each primer 

20 Thcnnal cycling was pcrfonned in 0^ mL tube,*? using an Mf Research DN A 

Engine (cdculated Unnpcnuure) with the Ibllouiag cycitng parameters: 95 tor 1 1 
min; 40 cycles: 94 for 30 jjcc, 64 for 30 sec, 6X V, for 45 sec; 70 ''C for 10 miii. 

Polluwing PCR, the sample was treaird with shrimp-alluilinc phosphatase 
(SAP) to hydmly the unincorporsOcd dNTPs. Typically > I U SAP was added to 

25 cach20]xLPCRittunplo. Thesamfilc wasthen incubiacdai37''Cfor60niimitefi 
followed by heating at 75 for IS nunuUftk 

A multiplexed primer extension muKiy was then t^erTonncd using dctivable 
primers for the riuee SU^ lod. Ibe reaction included three n^lar deoxy nucleotide 
triphosphates (dKTP) to uUow incoiporation ihi\)ugh the STR repeal region and a 

30 single dideoxynuclcoiide triphosphate (ddNTP) iii hall extension (sec Braun» et al). 
The tcrmiraUiim by die ddNTP shortened the measured SI R allele. 
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Multiplexed pdnier cxicriwon reaction components: 20 rtaciion contairung 
IX laqi'S buffer (PH Applied Biosy^cms), 2A I; TaqFS, 200 |iiM dOTP, 200 jiM 
dAlP, 200 ^lM dTTP, 400 iiM ddCTP, 40 pmol CSFIPO primer (SHQ IDXO:100), 
20 pmol TPOX (SEQ ID N0:31), 20 pmnl THOI (SEQ ID XO:l 03), mi 2 fil- SAP- 
5 treated PCX product (as described above). 

Tlicrmal cycling tor extcnsjioiiieactioii was performed in 0.2 mL lubes using 
an MJ RcscEirdi DNA Vaa&xvt (calculsaicd Itm^raturc) with ihc following cwling 
poramctcra; 95 "C for 2 min; 30 cycles: 04 "^C for 30 sec, 55 X for 30 sec, 72 for 
45 sec; 60 fitr 5 niin. The icsuluuu produci vm purified and analyzed as detailed 

10 in ihc examples above 

As seen in F^ure 8A, t»w posablc alldcs inchiding niicrnvariants, such as 
THQl 9.3, are resolvable fiom one another in all three S IR systeuis even ihoueli they 
overlap in ihc mass range. Figure KB illusttatcs a result with this particular S IK 
multiplex. Tlve HJimple contains a homozygou5i TPOX allele 8, hetero/^ gous 'moi 

15 alleles 6 smd 9,3, and a homoi^r'gous CSriPO allele 12. In this pmiadar ca$c, Ihc 
strand containing an AATG or A'i VVCi repeat was ii.sc<1 ui <j11 three STR ioci so that the 
same thdcox>'nucleotidc Iriphoshate (ddC) eould be ased u> iLnTiiraie the strand on the 
opposite side of ibi? repeat from the cleavable primer. Aile^ the extcrL>ion reaction 
wit}i ific ddNTP and the cleavage reaetioTi, the repeal regitMi and only a flanking few 

20 bases on cidier side of the repeat ai^ present for ihe three STR loci. Mass accuracy as 
well iw resolotion and scn5dtivit>' arc improved in tlie mass sqpecttometcr by going to 
smaller su»» for the SIK alleles using ihis approach. 



EXAMPLE <i 
TWO STAGE Rnn/riFLEXtNC RFACTIOW: 
OVTSTOK PRIMERS FOR HimiER LRVKf Ml n .TTPI.KX FOLL OUTOiJiV 
im PRIMRHSm J^ ffWll i rVFJ. ^nJLTIP LE XTHAT FRODTin^: 
SMALLER Pdt PROmrr-ns 



In a situation Vilietc there is a ^smoll or Umilcd amount of DNA template 
available, a highly muWplcxcd PCRieaciion may be peribrracd initially followed by 
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a second siagc PCR. with priiuCTs thai are inicrior (i.c, cbser to the Tcpcux region.) thaji 
those contidned in ihc Grst muliiplux Cncsled rcR"). The firsrt. multiplex ctHiJd 
includii. Tot example, S-14 S'lK loci ttm ate PQl-amplified sitnuliflneoiisly. AiiquoCs 
of diese ainplicoxui could then be divided and rcumpUikd in a second PCR reaction 
5 with primers; for a ubsct of die STR loci already ampli Hixl. For example, sdx duplex 
Tv;)clions vsr four triplexes with masfi *q)cctFoscopy piiine]*^ could peribrmcd to 
nieasiuro ull of the S'JU loci in an initial 12-p1%:x r&uaion. Primers used in tliese 
duplexes could bo from those 1i.sU:d in Table 1 . Provided that the primers for the first 
^fltmsc multiplex are ouudde (of at lca*jt idralical to) the sccotid litage primer this 

10 approach will woxk for anv PCK-compaiibic primers. 

'I1ie advanta|.',c of the ntah^d VCR approach H that a SAl^-treatmoat is not 
requited (lis in Example 5) before the second stage reaction as d\'fl>s are u-fcd. 
However, meajiun^d S ill alleles will be longer and Qius more challei^ing to analyi<:c 
in (hu muss spectromeurr ihiin STR allele products created wiih tbe primer termination 

15 reaction (ddN) approach described above. 

EXAMPI.R 7 

FTA PAPER U SE D IN PCR REACTIONS IN PLACK OF KXTRA ^C TTIl) IWA 

20 Liquid bUvHl w'^s suiined on un Fl A^^^ Card (T jfc Technologies, 

OaitlicrsliuTg, MD) and a]lo^\'cd to ajr-dr>' kn 1 hour. A small pi>mon of blood- 
stained pa|X.T wasi cul out of the center of fl^ fspDi imd pJiiced in a 0.6 mL tube. An 
aliquot of 50 jiL Fl A™ Purificaiion Reagent (Life Twhnologies) was added to tlie 
tube mid vortexed for seventl secotids. The tube was allowed lo sit for 5 mhiiites at 

25 room tcn^[)cratur&. The tube was vortexed again and the liquid in tho tube was 
removed. Anolh^ aiiquoc of 50 ^L 1*TA'"^ Purification Reagent was added to the 
tube and the voricxing and waitii^c steps were repealed as desc-ribcd above. The 
FTA"^*^ paper was then washed a thhd time wth FTA™ Purification Reagent and then 
washi^ twice more with ddoniTsed water. After thcijc washes, the liquid was removed 

30 witliupipctandthelTA^^paper punch wastefcinthciobctoai^ hour. 
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The dried puncl ww added dircclly to I'CR amplification mix in place of 
extracted human gcncKuic DN A. PCR was perrtTrmcd as described i n ibc other 
eximiples wlh no changes u> amplincaLion conditions or TOtgcDis. No decrease in 
PCk efficiency was observ^ed when tte TT.\™ paper vi-as corMpaicd io standard K562 
5 human genomic DNA templates. The use of F VA^^ paper greatly facilitates ti» 
automation of DNA typmg procedurt:s »s extensive UNA extraction is m)i needed 
from liquid blood sampleiiL 
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WHAT ISCfATMKniS: 

1 . A mclhod lor analjTing UNA tandem oijcleotide repeal alleles at a DN A 
tandem nucleotide; repeat locus in u iiuget nucleic acid by nicLSi: ivpectTometr\'. said 
method comprismft 

a) obtaining a target nueleic acid comprising a DN A t»ndem nuclciitid^ repeat 

region; 

b) extending llic target nucleic acid asing one or more prijnci^ lo obtain a 

5 « limited 5iizc nmge of nucleic acid extension products, \^'hcrvui one or 

more primers an: complemcnuny to a sequence lUmking the DNA 
tandem nucleotide repent of said loeu*^ and 

c) delermining the ixm^ of the tiuelac acic extension products by m^ss 

spcclrometrj'. 

2. The nicLhod of claim 1 , wherein a 3' end of one or iiKir^ primers immediately 
1 0 rktnks a DNA tandem nucleotide repeal re^^on. 

^ . The metliod of ckiim 1 , wherein one or more primers comprise a sequence 
compicmcnUiry ie up to one landcm repeal of Ihe DHA tandcni nucleotide repeal 
locus. 

15 

4. The method of ckdm 3, wherein one or more primers comprise a sequence 
complementary to up to two tandem repeats of the DNA tandem nucleotide repeat 
iocus. 

20 S, The method of claim 4« wlicrein one or mofc primers compr i:^* a sequence 
compl:mientary to ap to tluve tandem rq)cat5 of the D>9A tandem nucleotide repeat 

6. The method of claim I , whereb at least one jnimcr coo^riscs a cleavjible site. 
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7, Uhe methfKl of claim 6, >ArhcrL*in the deavable site comprises a recogniiion site 
tbf a rairicUon cndonuclcasc, an exonucleaite bluckixig sdiCt or a chetnicitlly cleavabk 
site. 

8. The method orclaim 7, wherein the deavable site com|iriscs n chemically 
cleavabic she. 

5 

.9 The method of claim 6. Vftereln wherein hi least one primer is capable of 
attaciiing fi> a .solid support. 

1 0. The method of claim 9, whereiji at Jca^^i one primer a-^mpriscs biotiii or 
10 di^Tuxigeiiin. 

1 1 . The mclhod of claim 1 , wherein the extension of at least o»e primer is 
terminated using a cliain Lermination rcagcau 

1 2. The method of cbim 1 2, whcruin ihi: chain tem\ination Regent 5s a 
\ 5 dideoxynuclcotide triphospatc. 

1 3. 'lb;: method of of claim I ♦ uixecvin ihe locus is selected from the groitp 
consisting of CSFIPO, D5S«18, mSJCO, D8SII79, D13S317, D16S5.19, DJ6S539, 
Dt8S5I,D21SJ I, DYS19,F13AUFES/hTS, >GA, IIPRTB, THOl/FPOX, DYS388, 
DYS391, DYS392, DYS391,D2S139I, D18S535, D2S1338, D19S433, D6S477, 

20 D1S51R, D14S306, D22S684,F13B, CD4,D12S391, D10S220 andD7S523. 

14. The method of claim 13. whca-in two of the primers comprise a pair of 
sequsncefi selected from (lie group consisting of 

a setiuOTce according to SRQ TO NO : 1 and a seqtii:acc according to 
SEQlDNO:2; 

a sequence according to SEQ ID N0:3 und a seqtiencc according to 
SEQIDN0:4; 



a sequence accordixig to SBQ ID KO:5 and a sequence according to 
SE0lD.\0.-6; 

a sequence according lo StQ ID N0:7 and a soqucnce accorditij; to 
xSRQIDK0:8: 

a sequence aix:uTding to SF.Q ID N0:9 and a sequence niscording to 
SFQU)NO:10; 

a itequcncc according to SEO ID NO:! 1 and n jicquoice according (u 
SEQ1DN0:12; 

a »:qucoce according; to SEQ ID N0:13 und a sequence aocoixling to 
SEQIDN0:14: 

a sequence acconiiag to SEQ IJ ) NO:15 and a scquoicc accotding lo 
SrQTDNO-.iO: 

z sequence acuirding to SFQ ID NO: 1 7 and a sequence acconiing lu 
SEQ ID NO: 18; 

a sequence ai:cordicig to SFQ ID NO: 1 9 and a $eqi«aice according lo 
SFQ in NO:20; 

a sequence accordiog to SFQ iU NO:21 and a seqwatcc according lo 
SF^n)iNO:22; 

a sequence accoiding to SEQ ID .NO:23 and a ^^quonce accofditig to 
Se01D.NO:24; 

a sequence ucctnding to SEQ ID and a sequence acconJing lo 
SEQ1DN0:26; 

u :s«quence according to SlIQ ID \0:27 and a sequenci: aveoiding to 
SnQIDN0;2«; 

a sequence according to SPX) ID X029 and a fiuqvuiicc according to 
SligiDKO:30; 

8 !K»iu6nce according to SEQ ID X0:3 1 and a sequence according to 
SFX}IDKO:32: 

a soqucncc acooiding to SJ:>Q ID NO:49 and a sequence acvonling to 
SEQ!DNO:83; 



wo 99/14375 PCT;uS9{i/l9S78 

45 

a ftuquLtice accoiding to SliQ ID aiul a sequence acuordintt to 
SEQIDKO:84; 

» sequence according to SHQ ID NO:54 and a sequence accoiding to 
SEQ11)K0:»5; 

a sequence according lo SBQ 11) NO: 56 and a sequence accotdii^ U) 
SEgiDKO:86; 

a sequence according to SEQ TD N0:3S and a sequence according to 
SnQTDKO:87; 

a sequetKe actKnding to SFJQ iD \0:59 and a sequenuc accordii^ to 

a <isqueticc ac(%«ding to SEQ ID NO-.62 and a sequence acccndirq^ lo 
StX?IDNO;Rf>: 

a sequence according lo SliQ ID N0:<>1 and a sequence according to 
SEgiDN0:9(h; 

a sequence according u> SiiQ ID N0:fi6 anil a sequence awxmlinglo 
SEgiDN0:91; 

a scqucnci; accordtt^ U> S£Q ID NO:67 and a sequence accMiUing to 
SEQIDNO:92: 

a !KXiiK3icc accordin}; lo SEQ TD NO:70 and a sequence according to 
SEQIDNO:93; 

a sequoice according to SEQ IDNO:72 and a sequence according to 
SrX3roNO:94; 

a sequence according to SKQ ID NO:74 and a sequence accntding to 
SEQlDN0:9.i; 

a sequence accoiding k> SEQ JD NO:76 aod a sequence acuordiug to 
SRQTDNO-.96; 

a sequence accoiding to SEQ ID NO:78 and a i^qucnce accnntijtg to 
SEQ1DN0:97; 

a !icq«ence acconting to SEQ ir>NO:S0 and a sequence according lo 
SEQlDlviO:98; 
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a saiiitaic-e uccording lo ISliQ ID NO:66 and a sequence accordiag lu 
SEQIDNO:99; 

a sequence according to SEQ ID NO:3!i and a sequejicc according to 
SEQU3NO:10aand 

a sequence according cn SFQ ID NO: iO 1 arid a sccjuoice according (o 
SEQ ID NO:103. 

1 5. The mcthiKl of claim 1 4« Uriicrcm more tlian ocu: target nucleic acid is cxtciKled 
^10 produce more than one nuclcb acid cxtcnsnon product 

] 6. llie method oC claim 1 5« wlicrcm ibcit mass of nrsorc ihim one DN A umdem 
nuclcoudc repeat allele ai more than one DN/\ uind^ nucleotide repeat loci arc 
determined 5imultan»>usly. 

17. The methcxl ofclaim J6, wherein the DNA tandem nucleotide repeat loci have 
overlapping allelic mass ranges. 

1 8. The method of clai m ) 7, v^tercin tlw nucleic acid extenfiinn products have 
interleaving ma.s$ iipectral peaks;. 

1 9. Ihe method of claim 1 7, wherein ai least one nciclek acid exlcnsi<Ht product 
contains a mass modiiied nucleotide, 

20. The method of claim 1 7, wherein the leI^;th of at least one nucleic add 
exten^on product is reduced by cleaving the naclcic add extension product at a 
cicavable site. 

2 1 . The method of claitu 20, wterein (he deavable site comprises a restrictirm 
endonuclcasc dcavage she, an cxonucleaNc blockii^ site, or a chemically deavable 
group. 
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22. Tlu: cnelbod of claim 2 1 , viiierein ihe cWjfv'able site comprises a rccognilion 
Site tor a resinction endonucleasc. 

"23. 'Ihc mclhod of claim 21, wlierein tin; clwiviible site cortipriscs an exonuclcase 
5 blockitig aitc. 

24. The method of claim 2 1 , wherein tlw cleavablc sciic comprises a cbcjiiicaliy 
cicavtibic silv. 

1 0 25. The metiiod of claim 20. wl^crLtn \vl«a:cin tiic first primer Ls capj*ble of 
attaching lo a tioiid support. 

26. The method of claim ^^5, wherein ih,: firsl primer ciimprbes bioiin or 
digexigenin. 

27. A method Pot mxilliplexing the jdei^tificaiion of more than one ONA tandem 
1 5 nuclcniidc repeat region from more than one UNA taiKkm nucleotide re|H:al loci> 

comprhhtg: 

obtaining oiorc than one nucleic ueid extension product by extending one or 
more printtTTS comptemcniary to sequences flanking the DN A lundem 
nucleotide rcjxfttL r^qcion, and: 
20 dcti^miinfaig the manses of more than one nucldc ucid cxtoosion product 

slmulinneou^iy by mass spectrometry, 
wberdn the nucleic acid extension prrtducts have overlapping sdlelic miiss ranges. 

2i. Tlic mdhod of claim 27, wl»rein a ^ ' end of one or moni primers immediateiy 
25 flanks a D.\ A tandem nucleotide repeat region. 

29. 'JTie method of claim 27. wherein one or irioco primers comprise a sequence 
eninfiiunienluiy to up to one tandem repeal of (he DNA undem nucieottdc icpeat 
locos. 
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30. i'he method of claim 2% wherein one ox more prmiei-s comprise a sequence 
complcmcmaiy lo up to two Urdem repeats or ids: UNA landem nucicoude repeat 
locus. 

5 

3 1 . Thtt metliod of claim 30, wherein one or more primers comprise a secjucace 
complement!^- to op to three Lundon repeats of ihc DMA tandem nucleotide repeat 
locus. 

1 0 32. The If icihod orclaim 27, wherein the exti^mn of at least ohl* orimer ist 
icnTiinuied using a ct^in icrmination ruagrent. 

33 . The method of claim 32, wherein the draiu lirrminalion reagent i$ it 
dideox^nuckotide triphospaia 

15 

34. The method of claim 32, whereijs at Ico^si one larger nucleic acid extension 
produce contain!) a mass modiiying i^nip. 

35. Th& method of claim 3'1 , whimin die mmR modifying group comprises a msis^ 
20 modified nucleotide. 



36. llie method of claim 34, wherein die mass modifying group coi nprises a 
nonstandard deoxvrtboauuleolide. 

37. The method of claim 27, wliitavui the cleavahte site comprises a a-cognition 
»iu: Tor a restriction cndonuclease, an cxonuclease blocktrq; site, or a chemically 
cleavablesite. 

38. The method of clai m 17, wherein the cleavable site comprises a recognition 
site for a restriction coidomjcleaKe. 
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39. The method of claim 37, waereici ixic ckavabfe site comprise:^ an exomdeasc 
blocking siic. 

40. The mcihod of claim 37, wherein the clcavabk she comprise!* t} dicmically 
5 clcavaWe »sitc. 

41. The method of claim 34, wherein the mass inodil^ iiig. grirnp is iircorporatod 
during exicnftkm uflhi; nucJeic add extension product. 

42. The metiiod of cbim 34, wherein the ix^ imnlifying group is ii^oiporated 
10 aTlcr extension of the nucleic acid exterL<dnn product 

43. A mcihod for mulriplexuig the ideoliikation of moa* llian one DN A irnidcm 
nucleoddc repeat region ftom more than one DN A Umdem nucleotide repeat loci, 
eociq)ri:siiig: 

15 otrtaining morv than one nucleic acid anq>iiJication product by amplify ing iwn 

or more primers complemeiiiary lo jeqitenccs flatiking Ihe DN.A tandem 
nucleotide rcp^t region: and 

determining tlie miLv^ses of more Uiim one nucleic acid amplification product 
simultaneously by mafws sp«;tromcm', 
20 wherein the nucleic acid extension prtKlucts luivc omlappiiig allelic ma<« ranges. 

44. The mcthcKl of claim 27, whw^in a 3- end of <me or more primun^ immediaicly 
Flanks a DMA tandem iiueti^tide repeat region. 

25 45. Tlic method of claim 27, wfaoein one or more primers comprise a sequence 
convlwncntaiy to up to one tandem repeat of tlic DMA tandem nucleotide fepcac 
locus. 

46. The method of claim 45, vrficsrcin one or more primers comprise a sequence 
30 complementary to up to two tandem repeals of ihe ONA taiidciti nucleotide repeal 
locus. 
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47. The meihod of claim 46, %*cn:m one or moru primers comprise a sequence 
compicmcnUu-y to up to tliree cmideui repeals of die DN A tandem nucleotide repeat 
locus. 

48, The raeiliod of cUdm 27, wherein at least one latpp, nucleic acid amphfication 
product Ci>nU«ias n mass modifying group. 

'49. I'he method of claim 34» wlieTdTi die mass modifying group comprises a mass 
lU modified nucleolide. 

50. f he racchod of claim 34, where! n ihe mass modifying group comprises a 
nonstandard deoxyribonucleotide. 

5 1 . llic method of claim 27, wherein tlic clcavabie sSte comprises a recognilkm 
siuz for a restriction etidonucloase^ an cxonucJease blockiog silc» ox a chemically 
cleavablesitc. 

15 

52. The method of claim .17, whearein the clcavabie site comprises a recognition 
site for a restriction endonitclease. 

53. The mclhud of chum 37, wherein the clcavahk site comprises an exonueletise 
2G blockir^ site. 

54. The method of cl^ 37, wherein xEe cleavable site comprises a dtemically 
clcavabie site. 

25 55. The method of claim 34, wherdn the masfj rmnlifying group is incwporated 
during umplification. 
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56. Thif method of claim 34,. wherein iht mytss modifying group is incorporatod 
after ampUncalion. 



57. \ kit icr analyzing alldes of a DNA utTicbm nucleotide repeal Joctis in a cargci 
nucleie aeid by muss spectromcir\', comprising 

a ilrst primcT complemenlury io a sequence flanking a DNA tandem micleotide 

repeat r\ip^on of said locir^, and 
a Sv:cQnd primer complementary to a sequence flankit^ a DMA iandem 
nucleotide repeat rcgiim of said locw%, 
^■hcrdn ihe first primer isnd second primer arc used to gencralx: » iimhed svy^: rdngc of 
nucleic acid paxiuds for analy$i;» by mass speciromctry. 

58. Tlu: method of claim 57^ wherein a !5' end of one or mooj primers immcdialciy 
flanks a DN'A uuidcxTx nudeotide repeat le^on. 

15 59. The mcthiui of claim 57, wherein a 3* end of one or more primers immediately 
flank a DNA tandem raiclcotidc repeal region. 

60. The kit of claim 57, >^'herein at leasi one of ihe first primer or the second 
primer comprise a sequence complementary to Ufj tc» one tandem repeat oflhe DNA 
20 caiidcm nucieotiGC repeat locus. 



5 



10 



61 . lie kit ofclaim 57« wherein al least one of iho first primer or the second 
primer comprise a seqwmce complcmcnlaiy to up to two tandem repeats of ths DNA 
tandem tiueleotice repeal Iocm^ 

62- 'I'he kit of claim 57» wherein at least one of the first primer or ihc second 
prima: c-omprisc £i scquimce complcmcnlary to un to thn^e tandem repcau; of Ihe DNA 
tandem nucleotide repeal locus. 

63. The kit of claim 57« wherein th first primer ccnsprises a clcav^ybie site. 
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e>4. The kit of cJaiin 63, ^rbere[n ihc clc^vabk .site comprises a recogniiion site tor 
It restriction eiukmudease, an cxoauclease hlockiog site, or a clscnrii;ally cicavabic 

65. Tlic kil ofcJium 64, wherein 4:lcHVZ)ble site comprises a recognhion site for 
a r^sUiction endonuckase. 

5 * 

66. "Jlie kit of claim 64» wlicnsin the cleavablc site compr ifuss; a chanically 
cleavable $.iitf . 

67. The kit of claim 63. \\4iercit\ wherein the fi-n^t primer is capable orattachitig to 
10 a solid support 

68. The kii of chum 67, wherein ihc liret prtnier comiKiscs biot'm or digoxigenin. 

69. The kit of chum S7 wherein ihc UN A tandem nucleotide repeal iocus is 
sclcdcd from tiie group consisUrig of CSnPO, D7Sa20,D8SI 179, 
D13S3I7, D16S539, DlfiS539,Dl«S51, D21S1 UDYS19. FlSAMTLS.'tPS. KGA, 
HPRTO. niOl , TPOX. DYS388, 1)YS39! . D VS392, DYS393, nzS1391, D18S535, 
D2SI338, 019S433, D6S477, D1S51K, DI4S306,D22S684, Fl3n, CD4. D12S39I, 
D10S220andl)7S523. 

70. The kit of claim 69. 'W'herrin the first and swcond primer coniprise a pah- of 
sequcjiccM elected Irom the iiTOup C(>nsisting of 

a sKXiuexice according to $£Q ID NO: 1 and a sequence according to 
SE0IDKO:2; 

a 5x:4U(nice according to SFX> ID K0:3 and m 5cqiHsnce according to 
Sr.QTr)N0:4; 
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a sequence ajwording lo JiEQ Ji> SOS and a sequence aco.wdiiig to 
SEQ ID N<):6; 

a sequeno; accon^ng lu SHQ ID X0;7 and a sequence aocordins u* 

a sequence tuxDiduig to SEQ ID N():9 and a fajijuence aocotding to 
SnQmNOtlO; 

a sequcnw aecordins to SEQ ID NOill tmd a sequence aecordine u> 
SEQ1DN0:12; 

a itcquttoce accmiKog to SEQ TV) NO: 13 and a sequence accmding to 
SEQIDN0:14; 

a sequence accndiiig to StiQ ID NO: 15 and a sequence aecording lo 
SEQ ID NO: K>; 

if sequence according li> StQ ID NO: 17 and a sequence according u» 
SnQlDNO:lR; 

H sequence according Ui SEQ 11> NO: 1 9 and a sequence ucctwding to 
SnQTDNO:20; 

u sequence according Im SEQ ID NO:21 and a sequence acwidmg to 
Sr:OID>JO:22: 

a sequence aecordir^ to SEQ ID N0:2.^ tind a sequence according u> 
SF.0 ID NO:H; 

a sequetia: according k> SIX? ID N0:75 and a sequence accoiding u> 
SEQ1DX0:26; 

a !»queiice accofding to SFX} IT) NO:27 and a iicquence accoidiag to 
SEQIDNO:28; 

u sequence aocording i» SEQ IDNO:29 mi a aequence according Ui 
$EQU>NO:30; 

a sequence according lo SKQ ID N0:3 1 and a sequence accoiding to 
SFX}IDNO:32; 

a sequence uccorditig to SEQ TD NOr49 and a sequcoes according to 
SEQIDNO:83; 
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a sequsncu itccofding lu 2>1:Q ID N0:S2 and a iicquence according to 
SEQiDNO:84; 

a f»qiicnce acconiing to SliQ ID NO:54 and a sequence according to 
SKQIDNO:85; 

a sequence accofdiiig to SIZQ ID NO:5G aitd a sutiuence according to 
SFQlDNO:86; 

a soquCTHw according lo ID N0:5S and u sequence according to 
SHQIDNO:87; 

a ^juquw-nce accotding to SHQ U) NO;59 attd a sequence accnidni(; to 
SEQIDNO:88; 

a sequence according to S)?:q ID NO:62 and a sequence according to 
ST^0IDNO:«9; 

a sequence according lu SliQ ID NO:63 and a sequence aixordine to 
SDQID NO:90; 

a sequence according (u Siig ID NO'.66 and a sequmce according to 
STXjmNO:91; 

a seqittnce according tu ID NO:67 and a sequmce acconling to 
Sr:0Tl'NO:92; 

a sequence according to SJbQ ID NO:70 and a sequence according to 
SF.Q ID NO:93; 

a sequence accotding (o SUQ ID NC>:72 and a sequence acomlins to 
SHQIDNO;94; 

a siHiiKaice according to fHvQ IT) NO:74 and a jici|uciicc acctKdiQi; to 
SEQmMO:95i 

a sequence according lo SJiiQ 1DN0:76 and a s«quence according to 
SEQ ID NO:96; 

a. scquoice according to SBQ ID NO:78 and a fiequcnce acconliug to 
SROTT)NO:97; 

a sequence aocordii^ to SF.Q ID NO:80 and a sequcncv according lo 
SEQIDK0:9«; 
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a scqw^ according io SEQ ID N0:6ft and a sequence according lo 
SEQmKO:99; 

a scquetKS according to SEQ ID NO:33 and a sequence according to 
SEOIDKOilOOajul 

a <;cqucncc according la SEQ ID NO: 101 and a seqaence acu-xirding to 
SEQ IDKO:103- 



71 . A kit for anaiyzinj', alleles of moiv than one DN A tandem nucleotide repeat 
locus En a ifli^jct nuddc acid by mass spectromcliy, comprl«5ing 

a plurality ofpTimers- %vhcrcin each said primer is complemeiitary u> a 
5 sequence flanking a DNA tanttcm miciconidc repent region and selected 

Ui yeneiate a limited size ratige of nucleic acid products for analysis of 
said locus by mass specirumctiy upon extension. 

72. . The mefliod of cluing 7U wterein a 3* end of onecirmoTe isimers immediately 
1 0 {lanks a DNA tiniU^m nucleoxidc repeat region. 

73. The kit of claim 7U ^v-hcrcin at least one i)f the plurality of primcni compri2;e5; 
«. Kcquiaice complementary lo up to one tandem repeat of the DNA tondctn nucleotide 
repeat Iocitk. 

15 

74. The kit of claim 7 1 , vslierein ai lisast one of the pluraJily of primers comprises 
a sequence Complementary to up to t^-o umdcm repeats of the DNA tandem 
nucleotide repeal locus. 

20 75. The kit of claim 7 1 ^ wherein at least one of the plur,ility of primers comprises 
a sequence complementary to up to three landem repeats; of ihe l»l A tandem 
nucleotide rtqpcat locus. 
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76. ' Ihc kit of claim 7 1 , wlntroin the xtcnsioii of at least one pnmer is icrmiiuiccd 
usiag Q chain tcrminaUoxi reagent 

77. The lut of claim 7 1 . whurdn Ihe chim tenxunation rcaigcnt » a 
5 djdeoxynuc1ci>ik]c uiphospace. 

78. The kit of claim 71 , wherein at least oi^c of ihc plurality of primers comprises 
a cleavablc silc. 

^79. Tlie kit of claim 78» whereici llic cleavablc sile comprLse?; a rwKHaiition site for 
a tcslriction eodoaucteasc m exonucleasc biocking site, oi a chemically cicitvahle 
site. 



1 0 80. The kit of claim 79. whcicin the cleavable site ccinipriiics a recosiiilUni sUe for 
a restriction elKlonllc]ca:^c. 



8 J . The kit of claim 79. wherein flie cleavable site comprises a diiOTiiciilly 
cleavablc site. 

IS 

82. ihe kit of claim 78, wherein wherein at Icasi one oF the pluraJhy of piimcrs is 
callable ofallaching to a solid auppoit 

83. Ulie kit of claim 82, wh^ein at least i>ne of Ihe pitoruliiy of primers comprises 
biocin or digoxigoiiii. 

84. *llic kit of claim 71 wherein at least one of the DMA tandem nucleotide repeat 
loci \s. selected from the group comdsling of CSFIPO, D5S818, D7S820, D8S1 179, 
D 1 3S31 7. n 1 6S5 59, D 16S539. D 1 $S5 1 , D21 SI 1 , DYS 1 9, Fl 1 A ] , FES/PPS, VGi\ 
HPRTB^TIIOLTPOX, DYS388, DYS391, DYS392, DYS3W, D2S1391, D18S535, 
D2S1338, D19S433, 1365477, D1S518, D14S30C,D22S684, FI3B, ClM, D12S391, 
I}l0S22UandD7S523. 
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85 , 'lie kit of claim 84, "wiierein iwo of the plomlUy orpiimers comprise a pair of 
sequences selected from die group cotiHiyiing of 

a sequence according to SHQ ID N0:1 and a sequence according to 

SEQlDNChZ; 

a sequence according to SEQ lU N0.3 and a .sui|ueQce according lo 
SE01DNO:4; 

a sequence according to SFQ ID NO'S and a sequence according to 
SHQ1DN0:6; 

a. sequence «^c^>^ding to SEQ ID N0:7 and a iicqucrtce accorditig lo 

a sequence acctirding m SJbQ ID N0:9 and a sequence according lo 
SnQroNO:!0; 

a sequence accordiixg lo SEQ ID N0:1 1 and a sequeiice accoi^ing to 
SCO H) NO: 12; 

a sequence according to StXj ID NO: 13 and a sequence accoidiBg to 
SRQm NO: 14; 

a sequence according u> SiiQ ID NO: 15 and a sequence according to 
SR0n)NO.16; 

a sequence according lo SEQ IDNO:! 7 and a sequence accinding to 
SeO ID NO; 18; 

a sequence uocording to SFX^ IDNOrlV and a sequence aueoidina to 
SEQIDNO:20; 

a Siequraice according to SFQ ID N0:21 and a sequence accotdiBK to 
SEOn)NO:22; 

a sequence according lo SEQ IDNO:23 and a sequence aocoi^g to 
SEQ1DK0:24; 

sequence according to SBQ ID N0:2S and a iicqucnce acconbng to 
SR01I)KO:26; 

a sequence according to SVJQ IDN027 and a sequence acconUng lo 
SEQIDX0:2B; 
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a sequence accordii^ to SEQ ID NO:29 and a sei^ucnce acconliji^ to 
SliQTDNO:30: 

a sequence acxkitding to SEQ ID N(>:3 1 and a itcquence acuording to 
Sr.Qn)NO:32; 

a sequence according to SEQ ID NO:49 oaA a sequence according to 
SEQID>JO:83; 

a sequence according to SEQ ID NO:52 and a sequence acctirdiiig to 
SnQn)NO:84; 

a sequence accoiding to SEQ ID NO :54 and a sequence accoFdini> to 
SEQn>N():85; 

a sequence according to SEQ IDN0:S6 and a sequence according lo 
StQlDNOififi; 

a sequence acconlin^ to SEQ IDNOiSii and a .sequence acu(>rding to 
SEQJDNO:87; 

a jsequcnce according (o JSIiQ IDNO;59 and a scqiuaice according to 
SEQlDNO:88; 

a :«cqijcnce according to SJ2Q TDNO-.62 and a <icquenee according to 
SEQIDNO;8y; 

a :icqiJ«nce according to SEQ TD ^10:63 and a suqueace according to 
SEQroNO;yO; 

» sequence according to SEQ ID NO:66 atid a iHNjuence according to 
SEQTDNO:9J; 

a sequence acconUng tn SEQ ID NO:^ and a sequetice Bccording lo 
SEQlDNO:92; 

a ssqucnce according to SEQ TD NO:70 and a sequence according to 
SEQTDKO:93, 

a sequence according lo SEQ ID ^0:72 and a sequence according lo 
SEQIDNO:94; 

« sequesice according to SFQ ID KO:74 and a sequence accordinf; to 
SEQn>NO:95; 
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a sequence w;carding to SEQ U> XO:76 and a sc<|uence according to 
SEQ1DN0:96; 

a sccjurace according u> S£Q ID \0:78 aw3 a sequence according to 
SEQIDNO;97; 

a sequence according to SF,Q U) NO:80 and a sequence according? to 
SliQlD.\0:9»; 

a sequence according Ui SKQ ID NO:66 and a seqi^nce according to 
SliQID\0:99; 

a sequence according to SEQ IT) "N 0:33 and a sequence accordii^ to 
SEQTD\O:100artd 

a «squence accwding to SKQ ID^O:10l and » j>cquence accurUing to 
SEQn)NO:103. 

86. An oligonucleotide pricrtcr comprLsiiig a nucleic acid sequimce complcnienUir)- 
10 a scquGDce flanking a DNA. tandem nucleotide repeal region, wherein extension of 
the pritner gencialcs nucleic acicl products for mass spectral analysis, said nucleic acid 

5 product* lia%dng 1 0 to 1 00 nucleotidyl in length. 

87. The method of claim 86, «rlx:rdn a 3' end of one or more primc;$ immediately 
flanks a DN A tandem uucleoude repeat region. 

88. The oligonucleotide primer of claim 86> further cornpriang a sequence 
comptemcniarj' lo up to one im(ksn repeat oPifae DNA tandein nucleotide repeat 

10 locns, 

89. The ohgonucleotide prinier of claim 86» further compriiang a sequence 
cumpJemeotax^' to up to two tandon xcpcm oT Ihc DNA tandem nucleotide repeal 
locus. 



15 
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90. The oH gcjnuclcotide primer of claim 1J6« iurthcr compriuing a sequence 
complcm'jnuuy to up to three tandeiii rqicaU of ihc DNA ULiidem nucleotide repeat 
locus. 

5 91 . The oiigotiuclwiicic primer of claim 86 whereia tl« hvnua h :M;!kcted from the 
group ct>ri^dsling of CSFIPO, D5SU18, D7S820, DSSl 179. D13S3 J 7, D16S539. 
U16S539, DI8S51.D21SI 1, nYS19» H13AUFRS/TPS, FG/V HPRTB,THOL 
TPOX. UYS3K8, DYS39UDYS392, DYS393, D2S1391,TJ1SS535, D2S137,8, 
-Di9S433, 1>6S477. DIS518, D14S306, D22S6$4, H3B, CD4, D12S391, D10S220 
10 andD7S523. 

92. The primer of claim wherein the scqucocc ilacldng the HKA tandeni 
nucleotide repeat 1t^)Cw; comprises a flunldng sequence selected &on\ the groi^ 
co»5istirig of a sequence aceiu-ding to SEQ IT) NO: 104, a sequence aucc^ding co SIiQ 
ID >JO:105» a sequence according to SliQ ID NO: 106, a sequence according ij.> SEQ 
ID N0:lfl7. a sequence according to SEQ IT) NOrlOB, a sequence accoiriing to SEQ 
ID NO: 109, a sequence? according (o SEQ ID NO: I JO, a sequence according k> SEQ 
ID N0:1 1 1 . a sequence according to SEQ ID N0:1 12, a sequence accoj^Jing to SEQ 
ID NO; 11 3, a sequence according Co S£Q ID NO: 114, a scqiience according to SEQ 
IDNOil 15, a sequence according to SEQ ID N0:1 16, a sequence according to SEQ 
ID NO:l 1 7, u sequence according to SEQ ID NO: 1 1 8, a sequence accordiiqf to SEQ 
TD NO: 1 19, a sequence acctoding to SEQ ID NO: 1 20, a licquence accordit^ to SEQ 
ID N0:l2i» a sequence according to SEQ TD NO:I22^ a sequence according to SEQ 
ID NO: i 23 . a sequence according to SEQ ID NO: 124, u sequence aecordizig to SEQ 
ID NO: 125, a sequence according u^ SEQ ID NO: 126:. ^ !H»|uence according to SEQ 
TD NO; 127» a sequence according to SEQID NO:I28»ascqucnoeaGcotxUng to SEQ 
ID NO;129» a sequence according to SRQ ID NO: 130, a sequence according Ui SEQ 
f D NO:1 31, a sequence according to SEQ ID NO:I32, a sequence according to SEQ 
ID NO: 1 33, a sequtsnce according to SEQ IT) NO:134» and a scqucoc^ according to 
S£QiDNO:135. 
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93. The rnelhod of clalrti 92, wherein a V end offwic or more prinicr^ immediately 
flanks a DNA taiidcm nucleoddc rcpca( region. 

• The oligomicleaiidt: primer of claim furlhcr comprising a *sc4ij<;nce 
5 coiiipIemi::rUiir)f [o up io one tandem repeat of the DNA Uin<tcm micleotidu repeat 
iooiis. 



95. The oUgORucieotide primer of claim 91 funhcr comprising a sequence 
complementarj' to up to two tandem repeats of the DNA tmidcfn nucleotide repeal 

(OCU& 



96. The oHeonuclci>lide primer of claim 1^2, whcran the priraw furtlier comprises 
10 a sequeitcc complementary ui up to three landcarn repeats of the DNA Uindem 

nucleotide repeat locu^. 

97. The ol j^niictct>ride primer of claim 86, whereiti tlio olisonudeotidc primer 
further c^imprises a cleavablc siie. 

98. The oligonucieolidc primer of claim 97, wherein the clcavablc site comprixci a 
recognition siU: Tot u restriction cddoniiclease, an exonuclcase blocking site, or a 
oheniicall>' cleavable silc. 

99. The oligonucleotide primer of claim 91 , wlK-rui n (tie oligonucieolidc primer 
comprises a nuclcmidc sequence selccicd bom the group co[u>i::»ling of a sequence 
accordmg to SEQ ID N0:1, a sequence according to ISKQ ID K0:2, a sequence 
according to SEQ ID N0:3. a fjcquence according u> SKQ ID K 0:4, a sequence 
according to ST* Q ID N0:5, a sequence according to SEQ ID N0:6, a scqiience 
according to SRQ TD N0:7, a sequence accorduig to SHQ ID K0:8, a sequence 
aceorjing to SEQ TD N0:9, a ^quencc according to SF.Q TD KO:10* a sequence 
according to SEQ ID NO : t U a sequence according to SEQ ID NO; 1 2, a sequence 
according to SEQ ID NO: 13, a sequence aca^rdtci^ io SJEQ ID N0:14, a sequence 
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accordbg to SEQ ID KO:l5, s) sequence according to SliQ ID NO:1 6, a sequence 
accoiding lo SbQ ID K0:17« a sequence aca^rdinp, u> SP.Q 1 1> NO: 18, a sequence 
accortUng to SF-Q ID >30;19» a sequence according to SHQ ID NO:50> a sequence 
according to SEQ ID N0:21 , a sequence iiecording to SEQ ID NO:22, a s^^quence 
according lo SEQ ID NO:23, a sccjuence accoRiiui; to SEQ ID NO:24, a acq\iciicc 
according to SEQ ID ND:2S, a ficquence according lo SHQ ID NO:26, a sequence 
according to SHQ ID NO;27, a sequence according to SEQ ID XO:28, a sequence 
acc(Hxiing to SEQ ID NO!29, a sequence according lo SEQ ID KO:30, a sequence 
'aeconlitig to SPQ ID NO:31, a sequence according lo SEQ ID NO:32. a sequence 
according to SHQ ID NO:33. a scquaicc according to SRQ ID NO:34, a sequence 
aeciKdms^ lo SEQ ID NO:35, a. wjquoicc according to SEQ ID NO:3fi, a swiouaice 
according lo SFQ ID NO:37, a sequence according lo SF.Q 10 NO:38, a sequence 
according to SEQ ID NO:39, a sequei^cc according to SHQ ID NO:4r>, a sequence 
according U> SRQ IT) NO:41, a scqus^ce according Lo SKQ ID NO:42, a sequence 
accarding to SEQ ID NO:43, a sequence according to SEQ ID NO:44, a setiuemce 
according to SRQ IT) TaO:45, a sequence according Ui SEQ) ID NO:46, a sequence 
according to SEQ ID NO:47, a sequence according to SEQ ID NO:48» a betjuence 
according to SKQ D> NO:49» a sequence according lo SFQ TD NO: 50, a sequence 
according to SEQ ID K0:51, a sequence according to SEQ ID NO:52. a sequence 
according to SEQ ID NO:33, a sequence according lo SEQ ID NO:54, a sequence 
according to SEQ ID TS50;55, a sequence according to SFQ ID NO:56. a sequence 
aecontiog to SEQ ID NO:57, a sequence iiccurding to SEQ ID NOiiS, a sequence 
according to SEQ ID NO:59, a f^xjuence accdrding lo SEQ ID NO:60» a sequence 
acGording to SEQ ID N0:6l, a .sequence accord'mg to SFQ ID NO:62» a sequence 
according to SEQ ID NO:63, a sequence wwonling to SEQ ID NO:64, a sequence 
according to SEQ ID NO:65, a sequence according to SEQ ID MO:66, a ^uence 
according to SHQ ID NO:67, a sequence according lo SEQ ID NO:68, a sequence 
according to SRQ TD NO:69« a sequence according lo SEQ ID N0:70, a sequence 
according to SEQ TDN0:7L a sequence accordii^ u> SEQ ID NO:72» a sequence 
aoeurding to SEQ ID NO:73, a sequence actwding to SEQ ID X0:74, a sequence 
according to SKQ ID NO:7S, a Nuquence according to SEQ ID XO:76, a sequence 



isccording to SIZQ ID \0:77, a seqi^aicc according to SEQ ID NO:78, a seciucncc 
according to SEQ ID X():79« a ^cqiiesnce according to SHQ ID NO:80. a sequence 
according to SF.Q ID \0:8 1» a sequence accordii^ to SEQ ID NO:82, a seqtience 
aecordixn; to SKQ ID \0:S3, h sequence according to SEQ ID NO:84» a sequence 
accordmft to SEQ ID NO:85, a sequence according to SEQ ID NO:86» a sequence 
according to SEQ ID XO:87, a sequence according lo SEX) ID NO:88, u sequence 
iiccording to SEQ ID \0;89, a sequence according to SFXJ ID NO:90, a sequence 
accordins lo SliQ ID X0:9l. a sequence according to SEQ ID N0^?2, a sequence 
according U) SEQ ID NO:93. a sequence according to SEQ ID NO:94, a sequence 
aixording to SEQ ID \0;95, a sequence according lo SJtQ ID NOrOfi, a sequence 
according lo SbQ ID N():97, a .sequence acujrding to SEQ ID NO;98, a sequence 
according to SEQ IDNO:99, a sequence according lo SliXJ! ID NO:IOD, » sequence 
according to SE<^ ID NO: 10 1 , a sequence according to SF.Q ID -NO: 1 02 and a 
sequence according lo SfcQ ID NO:] 03. 

1 00. 'Ilje oligonucleotide sequence of claim 99, wherein the oligonucleotide primer 
furtiicr comprises a cleavablc siite. 

101 . The oiigonucleotide primer of claim 100, wherein ihc oligonucleoudc primer 
further comprisas biotin or digoxigenin. 

102. Thi: oligonuclectidc sM^qucnce of claim 99« Tkliercin the oiigomicleotide 
sequence Is si:lecled Irvm the group consisting of a sequence accotiiii^ to SPX? ID 
N0:2, n sequence acwwHng to SEQ ID N0:4- a seqiMsnce according to SEQ ID NO-JS, 
a sequimw iiccording to SEQ ID N0:7, a sequence according to SEQ ID N0:9, a 

5 sequence according lo SEQ ID >]0:1 1, a sequence according to SEQ ID X0:14, a 
sequence according U> SBQ IDN0;I6» a sequence acooitiing to SFQ IDN0:!7, a 
sequence accorifng in SEQ ID N0:I9, a sequence according to SFQ ID K0:2 1 , a 
sequence according Ui SF.0 ID NO:23, a sequence according to SEQ ID KO:25, a 
sequence according to SEQ ID XO:27, a sequence acconiing lo SEQ ID >iO;30» a 
10 sequence acconling lo SEQ ID \0;3 U a sequence according lu SKQ ID KO:R3, a 
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scqiience accordiitg U) fsHQ ID NOr84. it iicqiietK-s accordin<.r lo SEQ ID NO:83, a 
s&qiicnut: iiccording to SI:Q ID NO:86^ a sequence according to SRQ ID NO:8?, a 
sequence &cci>rding to S1:Q (D NO:88, a sequence iSiccoiding to SEQ TD NU:89. a 
!>e<iuence accorcUng \o SHQ ID NO:90, n ^quence acocjrdiriji Uy SEQ ID N0:9l, a 

5 HL-qucrici: ;iccording to SFQ ID N()i92. a fttrqiience according ui SEQ ID N():9^, a 
sequciicc according \o SEQ TD NO:94*a sequcnLx accordiDg to SHQ ID XO:95, a 
»:quence according to StQ ID NO:964 ii sequence according lo StQ TD NO:97, a 
scquoicc accorcUng to STiQ ID NOi9K. a ^sequence according to SEQ ID NO:<i% a 
'sequence acconfing to SEQ TD NO: 1 00» a iicqucncc according to SFQ ID NO: 1 0 1 , a 

1 0 scqiience accor<Ung to SEQ ID NO: 1 ()2, and a sequence according to SRQ ID 
NO:t03. 

1 0.1 . An oiigomicleoli Jc primer compTisin^ a nucleic acid sccjuenoe coinplcmcntarj* 
to a sequence narik.bg a DN A tfmdcra nucleotide ncp^^at locus and.a cIcavabLe site, 
] 5 wticrdii mension of i\v^ prinicr generatcb* a limited .size rtir igc ut nucldc acid products 
for mass spectral anutysis. 

104. The iiligonucleotide pritncr of claim 1 0.1, whci^in the oieavablc site comprises 
a rucijgmlion site for a rcslriction endonuclcase» an exonucka:^ blocking site, or a 
chemically deavable site. 

105. Tlx: oligomjcleotide primer of cl^m 1 03» further coinpf isizig a sequence 
complementary to up to one tandem repeat oT ihc DKA tandem AuclcoUde repeat 



106. The oligomicleotide primer of claim 103» further compriMi^ a sequence 
cumptemeni^ to up to two tandem repeats of ihu DNA tandem nuclcolide repeal 
locus 
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107. Tlic oHijonucleotide primer of claim 103, fuither comprising a sequence 
coaiplementafy Ui up U) ihree tandem repeats ol ihc DN"A tandem nucleotide repeat 
locus. 

5 108. 'ITie oligonucleotide pritrier of claim 103 'wi^rcm the locus is selccii:d from the 
group consisting of CSFIPO, D5S«I$, L>7S820» D»S 1179. DJ3S31?, D16S5.39, 
ni6S539, D18S5U D2t S: 1 . Dysi9, nSAl, l-ES/l-PS. VGA, TIPRTR, lUOl, 
'ITOX DYS.'i«R, nyS391, DYS392, DyS393, D2S139l,Dl«S535, D2S1338, 
T)19S433,D6S477,D1S518. D14S306, D?2S684, PI 31^ Cn4, D12S391, 0108220 

10 and D7RS2:i. 

109. The jirimef of claim 103, v=hcrjiii iho sequence flanking Uie UN.A. tandem 
nucleotide repciil locus comprises a flanking .sequence selected from ihc j^roup 
«insi«ing of a sequence according to SF.Q ID XO: 10^, a scqaunee according Ui SHQ 
ID NO: 1 05, a senucncc acconiins to SE-Q ID NO: 1 06. « sequence according to SEQ 
IB KO:107, a sequence according to SKQ ID NO:108, a sotiuence according to SEQ 
ID KO:109, a sequence according to SFX^ ID N0:1 U), ii sequence according to SHQ 
ID N 0:1 1 1, a sequence according to ^PX) ID NO: 1 12, a sequence according to SEQ 
ID VO: 1 1 3, a sctiucnce according to SEQ ID NO; 1 14. a sequence acooiding to SF-Q 
ID NO: 1 1 5. a sequence according l<j SEQ ID NO: 1 1 6, a sequence according lo SEQ 
ID KO: 1 17, a sequence according to SUX) ID NO:] 18, a sequence «teoording to SEQ 
ID N0:1 19, a sequence accoidmg to SEQ IDNO:120, a sequence according to SEQ 
ID N0:121» a sequence accoiding U» SEQ ID NO:122. a sequence accwding to SEQ 
ID NO:123, a sequence accmding lo SEQ ID NO: 124. a sequence wccoiding to SEQ 
ID N0:I25, a !wqiieac« accoiding to SEQ ID NO:126. a sequence according to SEQ 
ID NO:127, a sequence accoding to SEQ ID NO:128, a sequence according to SEQ 
ID NO: 129. a sequence accoiding to SFQ ID NO:130, u iicquence according to SEQ 
ID Nai 31. a sequence accuiding to SF<J ID NO: 132, a aequence according to SEQ 
ID NO:l33, a sequence acwwding to SFXJ ID NO: 134, and a wx^ucnoe according lo 
SEQIDN0:135. 
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1 1 0. The oligonuclixiiide primer of claim 109. furiher comprising a 5Wt|uence 
cotnptemenlaiy to up la odc tandem rcpcar of the DNA tandem nucleotide n^pcat 
locus. 

1 1 L Ihc oiigotiucleoliilc primer o f claim 109, lurtlwr comprising a scqi jcnce 
compkmcniary to up to wo uradeni repeals of the DNA tandem uucJeotidc rcpeal 
locus. 

5 

1 1 2. Tha oligonucleotide primer of claim 109^ Therein die primer furthct comprises 
g sequence complurriiniuny to up to three tandem repeats of Uk: DNA tandem 
huelcolide repeiit locus. 
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SEQUSrif!?! fiSSTXKQ 

<:i-:>> nutler, John M. 
Li, ,iJia 

KonCorn*, ijc&eph A. 
Becker, cluIiEiLop^ier H. 

t!Y >JAH3 SPECTROMETRY WT'^ll POLYMORPHIC DHA 
REP^^T KTkRKBRS 

1998-00-1.S 
•:l150> S0/0tiy.41»> 

<LSO> 

<a70> Fater-cm Ver. ;>.o 

<210> 1 
<^11> 23 

<213> H.'Tiro caplcns 
<4D0> - 

acagtaaetg cct^cataiaa tag 23 
<2in> 2 

<2ll> 22 
«212> nwA 

<2i:>:- Homo fiapieno 

<220> 

<23X» Toisc IdaLuxR 
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<223> BiuUlxiylHt'.Rd 
<230> 

<^2lv nisc_feaeure 
<222> (211 

<223> 2 » -de-oxy thymidine- a • - (S3 -pho&phurotaioate 
<4D0> 2 

gtfiicarfacc ctgtrccaag ta 22 
<2ia> ^ 

«:21X> XS^ 

'«.2r2> lacA 

f2T)^. iiomo saolciz:^ 
<40^> 2 

<;21D> 4 
<2ia> 2C 

<211^. itoTTA sapiens 
<220;> 

<221> m:.<sc feacure 
<222> 

<22^> n\otinylau«d 

<220> 

<222> 

<223> 2 • -dHoxythyiftLdiJie-S • - is) -phoaphoroth-.oate 



<4on> 4 



2C 
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<2ac> s 

<2ll> 2S 

<213> HoniD aapinnn 
<22C> 

<9,k\^ mts Cofeature 
c223> Binr.inylaced 
<22C> 

<:221v Tni£iC_£caAtux«3 
<222> (24) 

<.223> 2 ' liftnxyt-.hynidinQ- 3 » - («i> -phuHphoTOthicaUo 
<4G0> B 

<210> S 

<213> HocuD BapiAns 
<4C*0> S 

a-utghnr-rr c^tatrtabac ctCvatoLu 

<210> 7 
<2ll> 24 
<2I3> 3NA 

<2i:^> ^lomo aapi<mB 
^220> 

<22i> misc_feaLuxi» 
<222> (1) 

c223*> 3ioT:inylarcJ 



<220> 
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4 



<22a> »ifie_faarure 



•rai) 



<2 2?, > ^. ' - ceoxyrhwii-dine- 5 ' -ptespj-cro -hi oa te 



<40C> 7 



tiagaecgaac taac 



24 



<'211.> 25 
<2I2> DMA 

<213> Homo sapiens 

sunaancLatc aatctgtcta tctacc 

■f21C> 9 

^211:.' 27 

<212> DMA 

<213> HocRo sapiens 

<221N mlcc_fcature 
Blotinylated 

02C> 

<22i> TT)i3c^'ea3ur<S! 

<^23> 2* deoxy^hyirldine-b'-vSj-prosi^icrcthloate 



<4GC> 



0 



tttgtat:;tc atgrgtacai; tcgttLu 



27 



<2XC> xo 



<2ll> 23 



<212> 4»Cl 



<213> Horno oapiemi 
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--.400 > 10 

acctaccctq tagattattt tcactgtg 28 

<2llz' 23 

c2l2> Wh 

<213> llcTiQ sapiens 

<222> (1) 
<220> 

<22i.> TOicc_ieatin:e 

'-'22^..^ (22) 

<?.7A> 2' dooxvthy:oidinc-f: • - -p;K>£iul:c;rot:Hoate 
c400> 11 

cccatcL'dHz gcccatctcjb att 23 

<21l> •y.T'. 

<212> UNA 

<2t%> Kooo sapiens 

<A0O> 12 

gcemAaaag acagacagaa ag 22 

^5lo> 13 



<400> 13 

agaoagaca^j acaggtggat a^a 



23 
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<210> J.^ 

<2.U> 24 

<P.12y DMA 

<212> Hcmo ^aplena 

<220> 

<22l> inllic £<!«t:i]rA 
<.222> U) 

<223> BiotinylaLcd 
<220^ 

<22l:' rxLuc fuahnra 
<^22* [23) 

k22.S> 2' -c<ic>x>'thyinidiuu • - (rs) -phospncrothioatn 
<4D0> 

Lctctgttrt gtcLLLcfiah g^r^^ 24 

<2jlCfv. 
<211* 21 
<?.'3;?> DMA 

<*^1*J> Hcmo Bapienj 

c400> IB 
<;2ll> 2{; 

<213^ fiOHu iMix>iATi9 
<22G> 

<2:^T> mse feature 

<:22:e> ;i} 

<323> niotinylatBd 
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<220> 

r.222> 125} 

c223> 2'-dfti5>:ythw.idilie-i;'- (5;) -phosplt)t;r:cLlnoar.e 
<\00> 16 

grcttaaa&t Hacacrttgct actaLL 25 

<212> DNA 

<213> Homo Hapier.s 

<22r> 

<22-L> i»igc_feature 
<222> ;i) 

<2S3^ niDtirylated 
<220p' 

<P*21'j :aiso_faarure 
<222:>' (13) 

<222> 2» dRQKyz:h>Tiidin€-G' • (^r} -phoeyhurDkr.ioate 
<400> ;7 

eccaRGT.ga« ttgcontcta 20 

<210> IB 
•c211> 29 

<2i2> om 

<21)> iiotvo sapiens 
<400> IB 

?kaga?agac tgc)>i'^Hgata gacgata^a 29 



<2ao> 1$ 

<211> 24 
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<220> 

<^y,X'.' misci_feai:ure 
<Z22> {!] 

c222> BiarinyXa&ed 

•:221> aix£>c, i:esiture 
<222> (23) 

<22a> 2 ' -deoxythyaiiuIxie-5 -phftKp'norothiOAts 
<4D0> l<i 

c210> 20 
•:2L1> 20 
<212> DKA 

<43o> 

<^-.0> 21 
<2L1> 19 
<212> DKA 

<213> C;0T7.0 Sapi^a 

<221> mi«c_teatiu:c 
<222> (1) 

<22a> Blosinylatedl 
<220> 

<22l> oiiac liHahnre 
<222> 

<221> 2 * -€leoxyLliyiaiti'inA-5 * - (S) -phosphoi-uthxoare 



>VO 99/14375 



PCTiXWa/l^57H 



<400> 21 



ct rcatcLtt 



13 



<.210> 22 

c211> Id 

<212> DNA 

<^': 3> Ilooto sapiens 

<400> 22 

Lcatzttragt gcatgttc 3P 

<2l2> DO?; 

€213 .* Hcxo Eapiens 

■:220> 

<221^ niiBc^feature 
<222> (1) 

<22."i> n-.orinyia-ed 

<222p' (22) 

<223> 2* -rteoxythymldliio-B* - JS) -phOBp*r,cjrothLcatft 



<400> 



23 



23 



<21D> 



<2L1:. 22 



«212> 



<213> iiQTO sapiens 



c400> 24 

^cqaaagaat gagacLucuL at 



7.7: 
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U) 

tfSlCv 25 
<'211> 27 

<213> jJonio sapiens 
'i22i> miivc_teature 

<2 22 > {1 i 

<:2;:.:i> Uiotuiylated 
o220> 

<22l> misc^tearura 
<222> \?.^) 

<222^ 2"-cleo!X>Tbyiiiicin*-5'- (S> phcjRnhoTCthioate 

aaa^ntaggc atatthacaa gc,.jLyLU 27 

<210:' 25 
-:2il:. 25 

«2:.3> Ho:no sapiens 

trrtgtaatri;' ocagcaaaaa agacL&t 2S 

•^210> 27 

<211> 29 

<2I2> DXA. 

<2li> Homo sApienc 

*:220> 

<22l> rtirtc fftat.ure 
<222> (i) 

<223> BlOtiDyluLtRd 



wo 

11 

<;222> i2fi} 

<225 > 2 • -decxy^iiyridiT.e - S ' - ( S i phospborothios te 
<400-.' 27 

gccrccabcc ttgLOicLa.. rhrtatct^j 

<.2ll> 22 

<212:> ZKA 

<213> rSsmo sapici'iu 

<400n 

-^310:- 29 

*-2ll> 20 

•r;^12> DMA 

•^213> ES'Svno jsapien:^ 

<4D0> 20 

dctgttCCtC CCL-afchRCC 

<2l0i' iO 

<2ll> 21 

c212> D^Vl 

<213> Homo fiapicxiR 

<220> 

<222> [1) 

<223> BxuLlnyS^te^ 
<220> 

<22X> niec fsatura 
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12 

«:223> 2 • -<ieoxythyinidin&- 5 « - :$> -pboat>horo::hi oare 

gggaacacay acbccakggt g ?.l 

<2i0> 3X 
«2ai> 22 
c212> 

<213> Hocno BAplenQ 

<221> Diiiiu^r'JuLux'c 
c.252> iVi 

'<;223> Biotip.ylat.<3tQi 
<22€> 

<32i> miec^feaLUxe 

<21J> 2 ' -deoxyLhyirddine- t * - (S) - jjhnaphoTOtaioate 

stragsgaao cctcactgaa tg 22 

<210> 32 
<211> 22 
<212*^ n>IA 

Uomo fiapiena 

<40G> 32 

gtcpttgtm gcgtLLaLLt, gc 

•:210> 33 

<211> 22 

<2Z2:' CNA 

<213> X3oii!o napienfJ 



<400> 33 
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gt.gtcag&ec ^ b<ttt:ct:aag ua 22 

<2L1> 2\f 

<212> ONA 

<<13> Homo sapiens 

<4C.ti> 34 

v'210> 35 

<Z'11> 2S 

<212> nwA 

<21.H;* Uomc sapiena 

<^C0^ 35 

ctc&:;l:<jgta tccttatgui aLath 

<r210> 3€ 

<212> nWTV 

<213:> IlOTtc sapiens 

<4Q0> 36 

zergcata^bk taoaasgaac tau<? 

<219> 37 
<311> 27 
<ai:!> X3KA 

<2ri> Homo e^ieufi 

<40aN J 7 

tttgraLULc: a?:gcgtacab bccxa&c 27 



<3X0> 38 
<212> DKA 
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<4on> .ifl 

cccarccaac gcctatctgt ar-t 23 

<21C> 29 
<311> 24 

<21i> Boao sapiens 
<40C> 39 

tctchgtttt gtOtLLOuiiL <jahfi 24 
<'^X2> DNA 

<21'i;* Hon-s €^ieni; 
<'40C> %0 

gtabtacacit aacacf-.LyuL ucnart 2& 

<21C^ 41 
<2i:> 20 
<212> DHA 

<4G0> 41 

Gccaagtc-aa LL'^^cckhrta 20 

•:210> 42 
<211> 24 

r.2l2> UNA 

c2l3> Hcjic] Bapiens 



<4D0» 42 

gTgcttka<ra taga^gata sfsiba 



24 
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15 

<21C> 

•^;(il2;< DMA 

•(213> Homn napieno 

<^00> 43 

cagagcaaqa cutcatccg 15 

<210> 

^s2l2> DMA 

<212> Kamo sapiens 

<40D> A' 

rLkitxragaQa aggatajjcag ttc 23 

<210> 4f> 

<2t;!.-» DMA 

<^.':'i:* Homo eapiens 

<40O> 45 

aciacLttagcrc atattcacaa gc^gtt 27 

<210> Ati 
<211> 2y 

<213> Eciao eaplens 
<4r>0> 

gcczccatcr ttgtctorat cLck&tctg 20 

<210> 47 

•■2ll> 21 

<212> OK/i 

<213> Homo :iapieTi9 



WOW1437S 



c.40D> 47 

gg^&cacag oCtccc«t9<fL (; 

«:212:> DKA 

<4l3v* Hqtt.o capien^ 

'^400> 4a 

cU'^a^g^aac rcr.cflctgaa in 

<210> 49 
<^Ti> 21 
<'^1Z> DNA 

<213> HU7IO Hnl^.f^nR 

<4C0> 45 

<jLy4j^t-agr: cc-tt-tagcga t 

<210> 30 

<211> 10 

<21?.:- DNA 

<213> HOsic 3cpiRr:n 

<4C0> iaO 

<ja^c<jMgAgh ccgcctca 

<210> 51 

^211> 24 

<212> Z3M3\ 

<21^> '.(oroc SApienu 

<4CQ> .S3 

ttcaaccata aaocca^tc tgtc 

<210> 52 
<211> 22 
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II 



22 



21 



IB 



24 
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c212> DNA 

<2l3.v Kopo eapiensi 

<210> 53 
.:2llv 19 
<212> T>K7i 

<400> 53 

tt-ttCcttnl ats;u=cs.tt. 

<210> 54 

<211> 22 

<212> DNA 

<213:> TTnmo aapienc 

<409.> 54 

ariarctacca atcccaztcc t:: 
<211:* 23 

<213> Homo 9JE^iens 
<^C0> 25 

rggtctteta c-tgtgtcaa taa 

•!211?' 22 
<212> nNA 

<213^* Homo sapieni* 
«;4C0> 56 

t^tctcazag ddtii^ucaha r.nn 



17 



22 



22 



23 
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<.21C> 57 
<211> 23 
':212> DNA. 

<:>i.^> Uono sapiens 



<«!>> 57 

c-t<r?ratttct tggttatag- oaa 23 

<.211.> 23 

<212> DNA 

«:213> Hqhoq sapiens 

<400> SO 

aagccggcas agagaLdiuac jjiga 211 

•i-^Ll;- IB 

<212> DHA 

c213> Hono sgpieiis 

fti^ccacaccc ataacttt IB 

<2i0^ GO 
«;211> 22 
<212> D>JA 

iJomo sapiene 

gaatgcagag aaagauuuL<: ta 7.:^ 
<2LG> 61 

<2ii> -e 

s2l3> Bonio mpinrs 
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<tOC> 61 

«g«aarggct tnnccttcj 
<2ic> n?, 

'^212> DNA 

<213> Homo eapiens 

<212> D^ITi 

<2ll> kctho sapiens 

<40u> 
•f::io> €4 

<211> 24 

•q212> DKA 

<213> Esir^ sapiens 

<4Qr>> 4^4 

aaccttottt ctttctacct ctct 24 

<21D> 6£ 

<211> 2C 

<r212> Dm. 

<213> Ko»o sapiens 

•:4C0> 6B 

^99Mct-gA^-g iggtgaaata 20 



<210> 66 
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20 

<211> 24 
<212> CKh 

<21.^> ncwro capicu 

<403> €6 

toaacaacaa cacaCatQuu &t^n 24 
<2L2> DW7\ 

<212> Homo sapiens 

•:210 > 6 a 
c211> 2.1 
<212> 

<213> I:n710 SapXQUE 
<400> «f|t 

j?»9"t.ctcca gagaaecaga ate 23 

<210> 69 
<211> 29 
<212> nWA 

<2U> Lone MpienA 
<400> 69 

carjac=agak agaLa^uLu:: gtAcatacc. 2^ 

^:;'j.Ov 70 
<2I2). i»;a 



<40O:« 70 
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tcaa&nfa<|t:q acaaagaaac I^ah 
<21t>> 71 

<213> HoTO sapiens 
ccatccdtct arjc<itccac*. Lulit: 
<2XX> Zi 

«^1J;* Hod'.o sapiens: 
*400> 72 

accLacatza gt.ctc"^aL'.c trr. 

<210> 73 

<2L1> 24 

<21 /,> l?>JA 

<2x^> Uomo fiapien? 

<^00:» 73 

aag^iaaga&t craccctUSDu ahhh 

<2iO> 74 
<211> 19 

<2i2> im 

<2L3> HocRO sapicuiH 
<4aD> 74 

9^tiy»rAga gcaanactc 



21 

24 



24 



^4 



<2L0> 75 
<2L1:» 20 
<212> DM 



wo >9/1437S 
'£21^ > Ho-ito ^pisns 



22 
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<400> 7S 

^ggagtcgca agccgaacta :>0 

<.:210> 7c 
<31i> 23 
<21?.> DMA 

<:jli> HO:nc o&pie!i& 
<400> 7t 

ctcfagtgaca g^^t^jayauc: c^g * 

<UX\).^ 7/ 
<211> 19 
<212'^ I»IA 

Ho:no sepienc 

<400> 77 

a t caatg^a t gc a t a3<j L u 10 
«:2X0> VU 

<40d> 7r> 

9CCtocacaC cucttgagct. aat 23 
<213> 7& 

<2ii> ;i«> 

<212> 1^ 

<2l3> Hu:aa Aapiens 

<A0:>> 79 

gcctractqa cctaccaoaL aaqgei 
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.:21c > 90 

^5?l.r>> DNA 

•:J13;« Homo Bapi«=n9 



<21C> 31 

<.2l3> HOinu uapiiinH 

Lys:^^at.ri r,hctgaga«g aLti 2:i 

<21C> 32 

<2j.2> ^NA 

<213.-k HCMhO liupacna 



':4U0v 32 

cctgLLgiica -tr.tvaaafic ca 

<210> S3 
<2ai> IQ 
<212:- ^VA 

«213> Humo Mpiens 
<230> 

<^2lv midc_£eatur« 

•;222> (11 

<22.')> niotinylated 

<^20> 

<221> iiiisc_fe«lLur« 
<322> (1€} 
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24 

^22^> 7: • - dQoxyt bymidide" 3 ' - ( s ) - pho«phcroiMoa~ e 
*1C0> 32 

gikgca^rraqt cc^rtctcft 

•^211:' 2^ 
<.2Z2> DMA 

«:2i.3> no:iin sapiens 

<'c£21:« loisa^ feature 
<223v Bistinylated 
<220> 

<22i> misc_feature 
<222> I2'3) 

<2r5.\> .-i^-dGOXVtbymicine-b'- (S) -ptiocphoxuthicar.ft 

trcaaccata cacccac&tc: tqtc 

<.210> 8F. 
«;211> iO 
i:2i2> DNA 

c^fl'^N Hoxo depiens 

c221v micc^foabuare 

<222> 

<22^> Blotinylated 

c:^20> 

<222> (10) 

<22^> 2--deoxythyiaidine-5'- ;S)-ph05pUorDc;U<>at^ 
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<40C> 35 

fch-htctrgt aior:ccat:t 

^.11Z'> B6 

<2X2> DKA 

<ZVi> Hocno siapiexx^ 

<22D> 

<>,22> il) 

<^S?> Eio'..-xr/latBd 
<230> 

<22l> iris filature 
•c222:> .;2i:. 

<223> ?. ' -decxythyovidine-s • - (s) -phogphorotliiaafcft 

tggt-.r-trcta Ctt*ttqfccaA tac 23 

c;:iiv EN7v 

<213> RofTo capicug 

«.220> 

s22l> mine feature 

<222> 

<2:{3'> Miotlnylated 
<22G> 

<22i^ iiicc_£<i&t\M;e 
<222> {20) 

<222> 2**deoxythyirJLdiAe-S*-CE; iihn^phorochioa^e 
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<400> S7 

cbgga^tbCr LS9LLuLa9r. aa? 

•:I2Za;* B8 
<211> 7.7, 

<2i:::> i>ka 

<213> HCHI.U liapiHTlR 

<22Q> 

^. mi 5c_feacur« 

c22'i> Bi'jLxiiylAhed 

<221> ml Bc: feature 
<222> (23.) 

<22.1:v 2 < -cteOAyLliyniiH^ Tift- 5 • - • s> -nhospharoLliJxMttf 

<40C?> B« 

c-aatgccLgaa uuuo:-jgraatc 22 

<210> 85 

<;211> la 

<.212> DWV 

<213> HOTO Sdpiuau 

<221> miac feBture 
<222> <i; 

<a23> Bic&laylttr.m) 
<229> 

<221 > misc_f€atur« 
<222;' <17) 

<223> 7, ► -deo3cythva£ii±Lne-i> • - •:s> -j>t«>ophorothioar.ft 



26 

21 



<400> 85 
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27 

agaaatgqct tggcottcf 18 

c210> so 

<211> 24 

<217.> DMA 

«':213> Kono &jipiQj.ti 

<220> 

<22.i> iniec^featuro 
(1) 

<22i^ BicLii.yla.ea 
<220> 

<22l^ Tid^c feature 

<22;!> 

<22.^.^ 2 • -deoxyt^Vittidiitei-5. * - iS) -phoauhorotbioato 

<40(1> <)C 

aatct:;ctct atttatacct ctc^ 34 

c210-^ 91 
•;211> ZC 

oa2> 

<213n nomo sapiens 

<'2r£'^> miec feature 
<222> 

<223> Diotinylacod 
«220;* 

<22i:> tnicc^Seaturc 
<222^. ;is] 

«^22Js* 2* -deoscythyinidirio-S • CS'i -Eihosphoroth:.cate 



<400> 91 
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c2l3> HOiCKJ s<ji|9i(%iiH 
<22G> 

<:^2i^. misc^feature 
c222> BiohinylAtei? 
<22G;> 

<22'\^ ?nif3c_f€aLure 
<2>,^'> {22) 

>:40C'> 92 

gaciLLurcrR gngaaacaga a to 

<3XC> 93 

<2ll> 

<212n Ut>IA 

<23.3> biXUO iMipiKnn 

'c22i> misc feature 
<222> (i; 

<223> BiOtixiylabfid 
<220> 

<221> mi «ic_f eatur« 

<22^.'' t;2<i) 

<22 3 > 2 • sxf%o-<?yt.t]ymidlnf5-* 5 *'{t^) -pliDvpoor^thiodtQ 
<400» 33 

cagaotaqat agatagaLac <;t<icataca 
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29 

Homo aapiens 

<:22.5. misc\ i:«aatui:© 
<222> il) 

<223> Bior-..nylateQ 
<2 

<22- r- irisi:^ feature 
<^22> (23) 

<233> 2« dftONythjaiidina-S'- 5S)-ph-::»nhnrothioate 
<40C> 94 

ccc.b=catcc AtoatcMtt ta^t 

<21C> 

<2X.> 24 

<2i:>.> J>NA 

<2i:^> Koit^ sapieno 

•;2I^0> 

<.2ZZ,> nifi5_fearure 

<222> (1) 

<22.^> Biotinylated 
«;2209^ 

<221> iQisc_featurci 
<27Z> 123> 

<'223> 2» deoxyChyHadine-5'-(S} phojsphoroC-iioac© 



<2-0r. ^ii 
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<211> 2C 

<211> Koim f:.ip".cns 

<22l'> misic ceature 
<222> {l? 

<?.7\> kiotinylAted 
<220> 

<221> nies^Ceacure 

<222> lis; 

<2'>.\> 'A • -dr>o:<>tbyttiidane-i: • - {Si -phoBphorothaoa-.c 

<i21C> 57 
<211> 10 

<2i2> 3tnv 

<213> Homn j?Apicn3 
r:22C^' 

<221> cni£C_£c&hi]r«^ 
<f222v {l^ 

c223> Blcitinylated 
<220> 

<222> 3liSC_£(&at:iire 
<222> UB) 

<:a23 > a * - rieoxythynidine- 3 • - ( 9 ) -phosphoxc thloaLc 



97 



19 



<210^ 9B 
<211> 25 
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<212> DNA 

<213> Hqtio eapienr; 

<221> UI.UC: fftnhn^p 
*:222:» (i.) 

<223> &i9tiiiylaLed 

<2 2 3> 

<22 L> mi ar:_~e*it.ure 
*;22^!> (20) 

<22 3 > 2 ■ -dcoxy Lhyml<J Itir- s • - ( s ) - rlicsptoroUiioat ?! 
<40:>;« SB 

<211> J.-l 

<212> DMA 

<:2X3:> Hcno ^aplui:^ 

<22;>:< 

<22l> OLiuc feMhnra 
<222> <1) 

<223> 

<:22l> nuuu feahnre 
«222> (22) 

<223> 2 ■ -deoxyUiycrddinfi>.S • - -phojiphcuotliioatif 



39 



23 



<2ia> 100 

<2I1> 23 
<212> JXSk 
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<i222> iX) 

<223> Biotinylated 
<2a2% ,'21 ) 

<22i> U • -deoxyrhyir-Ldijife'-S * - (S) -plu->i*i:noroi:hioat« 
<i:>Of 100 

ajMigtasiatsr cctr.cataga cag 

':210.> 101 

-;211i- 22 

<212> ONA 

<2i3?- ncTOo capien£5 

q=ctgt:;CCt CccrtatttC €C 

<?.I0> 102 

-:;:il> 23 

<212> DMA 

<213n ilQTO sapiens 

<£0D> 132 

aggtcasagsr gaacacasiu<j ben 
<aio> 133 

<i2ll> 23 
<212n 

<213> Hooiu Bap-inns 
<22C> 
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<:221> riisc feature 
*:222> [1) 

<27.^> 'ilowinylaced 



<220> 

»:22i> riiac_featurs 
<322> [21) 

'f223v 2'-<lecxythy3iidiTse-b*-^S> ohoBphorothioahR 
<400> \Q^ 



<r:!lU> 104 
*21L> 315 
<^212> 3KA 
<213> 3totGo sapiens 



<4oa> 3 0-: 

i^acctgagtc tgccaag^sic ragcaggtty 
z<^zaaaa^ga AgaUiLLiiu^* a^r.HActgoc 
garjiciitaga caga'.anata ga^agatc^a 
gggtctgaoa caggaaatgc zgzccaa^jbg 
agzotgaoac £:a::g::gggr.t: gggtggftaa= 



uhasi^caccc tgtqtctcag tztCCCtajc 60 
ttcatagata ^raagazagat agatragata 1:^0 
tagatagata catFiggaagc acttar^aaza leo 
rtgcaccarj^a catag:;atcc g^aaavgctc 240 
ctggdQv^itg gagaazcggc tgaa<^f-^gc 300 

315 



<21l>> lOS 

«212> CKA 

<213> Hocco sapleTiS 



<HOD> 105 

ccza&ttaaa gtggTgcccc agauuikntg 
atgtgacTaag ggrgattttl- ctctttcgta 
ugatagata gatagataga z^agatacat^ 
cagaLubagn cAraaatgtt gtaaactgtg 
<|2rsiaagcnt -ccrctgx^a s^t^g^caatta 
ta^tngc 



tactaataaa actaLa-.Lbt: aatagcaagt 60 
'.cctcatgta ahattifrgaa gatagataga 120 
gatagcjtaga ^gaggzata aaLaaogata 180 
gcUatgeittg gaatcarht-.g gct^aevaage 240 
ct-.ctttcnct ^ggnactnc ctoancagLc 300 

J 07 
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<.211> 334 
<212> 

<2L3> Hcnno aapicuH 



oa.Ltthgr.R "tTttttt&n agacgggg.L 

^a-tzhaagg rxoatabata caaag^^Lat. 

ctaacgacCw'j uLacyat-j^g^t agatai^atac 

cgatagtf.L -trttacctc ac_aaatagt 

gtgoaiaktct gtcaatgaucj uLaaahgtgc 

cj.c^igagr.h r.tTgatacct caga^trtaa 

<21D> ir/ 
<211v- 340 

<2i:;?% UNA 

<213> Hoinu uupinnR 



Li:a;:catgtt g^gtcacqci-c actatggsir-t 50 

gatagaacao ttgzcatagt ttaijaaKg;?.-? 12 0 

atagaL-ujaL agaragatag QLApac=)gai lao 

ctatacihaa« catztcatza cnastattUj 210 

aatccftr^ca ai:LcLta<iga acatatanhr. 

ijgcc 334 



tggcaaL-Lta naiigtacrct t!7za-t^;cat 
citatctatcn atctatttst ctatctaLcL 
aggtaaataa at'.aug^uaT: ah-cacgcaa 
aa::tahagc:t aogl^aact atacteatgr. 
'.yaatacatac gg^ittttgnc agcLyLgc-a 
ttcagatLcL ucacatnctr gtcaacBt;;r. 



SLvrtacatcc gta.c^iahct-. arctatct&t SO 

athccccaca rftriaaaacaa tCtctdaggaT. 120 
^99?^Ce^^9J^ Lacagzgazg aaactaaar?. 

acacaattU: qrana^igaaa cUjsgaacaa 24G 

tirttacat^s ccaac^acaa L^cacagggi 30 G 

tgLLuLtttg 340 



<21C> las 
<211^. :kB^ 
<:2X2> DMA 
s2l3> Hixnn naplens 



tggnfat<5g7t. r-gctggaeat gg::atcacNxc^ 
tttagtgggc aLcugtgact: ctctggaetc 
ARtacattat ctstctazcc atiGLaLcrtat 
a^catobatc tatcttLcLy tc-gtcht-t 



aagt.ctggga tgtggaggag a<jLLuatr.l-.c SO 
tgaoccHtct aaagcctatic! fcgn^rttac^ 120 
ctatctrntct ateratctat ctatctatua lao 
tg<t!?ct:gcct diLcfgc-caac ccasgttgaa ^4i> 
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»9 ggagat*; -gaccaacua ttcaagctc-. ctgsatatgz ztL<j<i£i 266 



<211> 426 

c213> Hoxo aap-cxrj 



<403> ICS 

ahggtTtigcrr: -C3cggctr|- act:ggg*qgga 
ggcgcc^gac agccccgcac ccaggagcLjj 
agCgccaaaL <4u'..ugLcghg nacaaaicba 
gaaaaocacu <Tttcrc=£tcr- ctatatgjrga 
ctbccczaga r.caat:acaga caguiiagac? 
Luqa-agar.a g.'^rnga'l^ato attfxaaagac 
CLCcicjatgcac acacaa&c^L i\aat:gg:;ai.n 
nttacc 



tga::tgtnit ccCiiuLetcti gr.rrr.gccga 60 

g9595'^'-taa ^^aqcttgtaa aaagtgiaca \20 
aatgca<j<iaa ^gcac;tgaaa gcLagaa'_era 

gcOLuucuaag gcagatccca anctct-cct 24C 

srat<Tr?si^&ga ;;agaL«idaLH <^&.UMga::aga 30C 

oaaacagaga lu-^LiL^T'^t'jiq ar.ncair-gc^k 36C 

asiaaa--,gga rncactctt:g tar.ggtue'wL •i;iC 



*;210> iiu 

•i:2lJ:> Hotnc aap3.erj9 



<40D> lie 

&ftgt^acg:; tgcagtga^c catg-t-.natg 

ixyaiich-c-r.r tcagaaapfaa acaa^gaaag 

£.gaaag;;aag aaaaagagag goraaagoiiug 

atbgcaas^L* al.ckc:«':an9c aocagacfaag 

agagaofreea acacgtccao cbtaggctga 

tcgggtztgb tattzCtiasi gt:ggRt'.t2;tc 



i'ee.ct:g5act ccaetar^ag tgacaaati.^ €0 

aaagaaagaa aya«Hgaanc aay.gaaajxaa i*;:;; 

agaaanagr^ aar^aa:;agt ago«iA;jL55t:t 18 w 

Ctaattbraa tzttaaca^w^ L.uuigaanag 24C 

t^igtthg:;t.t arttqtqtt?i trgctggtag 30r 

eaatacczca ttaacaatct ISC 



-i2lU;. Ill 
<211> 32R 
<212> TJHA 
<213> HOinu HapiRTic: 



<400> 111 

chaccaatca tf^rrtgcraaag caaagacaaa gcaasj^fcahr tcacacgrcU a^gcagcag SO 
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caa^acr^aag- acaggggagc tr£;:i.ii(j9ugg 
aataterssAg ccaatcccuc .uicjcgaattg 
grcigtctgt ctgzctAtct a-ctacaLCL 
Catctatcz^ tKtatctaLC tatcgLc-at. 
gfccr.chggag agcatrgact aatac^acat 
atazcataco actccaLdca LLatacaaao 
acggoLavjLiL ui-LLLbrjirh gggrgc:ca<r«^ 
aizhttttate tccttaaaaa tattt;:Lyag 



tct<)tt:nhgg gacttttctc agtctccaL*. 130 

•^cttctatct aLcLaLs'tat ctgtccg^cr. lOO 

a-ccatctat c.'it.e:r^T.cta rctatctatc 240 

cratccacjtc tatccacctc cLatLagrct 300 

ciLLa<itara tcacag^ttH ahi-.tcaagtL 360 

•srstit-.acagt" tLtetccctt ctcagL^.tr. ^7<> 

^actaatLLL tiattctgcta agtq^r^R^^t. 4<f0 

tgtcgauctq gotaaagt 528 



<2'0> 112 
ca"U> 194 
<212> D3IA 
c.213> HC13C easlan? 



<400> 

ctactc-agct tccgttaLag LgLLt'tzaa 
tatatatata cftgLLL-aqa Lacatagata 
t.rigat^gata gatagaiaga batag-gaca 
tcactacatg ocdt 



tafcah^itata tr-attarata ^,t^lgLyLha $0 
(iqt.agata9u L<&gacagata gctagatiaq;; 120 
y:;cvcctraa o*i:caga^gga ctcctbgtcc 180 

134 



*310> 113 
<2U> 320 

<2i2> d:ia 

<213> Ucno sapi«no 



<4;)0> 113 

cacztgaacG cgggaggtgg aggttguuc:: 
tga4kucatag aaAgacgaaa gaaa^i^^^ 
ttaaaacttt agggggaaaa btttccaatt 
aaaaccaagi: SLtaLLibct aahctgcatfi 
tggggotag<i dabcccatvC ccccag^aag 
ggabgattca ggaatgcaga 



ccagccb-bg caacagagcA ajjacttcato €Q 
aagaaagaaa gaaaqagbda aagaaaaaau 120 
bhhgaacatg caetaaaatg atttzca^zag \8o 
9cattaC'..aa agatgtztao roatcbr.rcx 24G 
tottgtjjqt-.t: aggcggigge rg^ggcrcta aor^ 

321' 



<2L0> 114 
<2H> 

<213> HouKi tfuolttnn 
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<4D0> 114 

ggrratztccc tatgsattsy aay^.gggg-cg 
(ratttggcct; gga^uu^ctg gaflgatgga^ 
ggfiagaagan rftttaggaga caaggdLa^c 
cttatwLjiLL K^it-tattta gag&tqn^gt 
gus?^'y^^-^^-t- ggcccactnc aacchccacc 
cctcccgagc Agct:a«i(^b<£^ c^gggactac 



rgaaofcagsg gagt caygr-yq tcactcrtgi^g 50 
-ggcCgt^a -.LcaLtTliagg gac^ggct^trj ±20 
agztcacrta -r.r.BCttatt tatttat;;ta 18 c 
ctcatbc^tr cgccaQgoL;] ^Hghgrtagtg 24 C 
"^ccciiggctc oagcqabtrt: rn:.T.gcctcaj5 300 



^21Cv 115 
^211> 192 
<212> TINT* 

<213> hOTlO SapitsilB 



<400v 11^ 

qccccata^y Ltfcrgaactc acagatuaaa 
ca?.gciayLL tct-.r.tcrtic tif.tbctct 
rt-ttcrttct tr.ci;t;;ctLt: aLouLLcc;;t 
ac&gacaaab ca 



ctgtaaccaa aacaaaaL.a ggnab^trta 50 
ttcLLbctct ctrtcttbnh r.hnr.ttcttb 12C 
ccrttczr.nnc rtictbtt-t gc-ggcaitL isr. 

192 



<21C> ll€ 
<211> 32C 
<212^» TWtk 

<2lJl^ Konc sapiezir. 
«lO<:> 116 

aggtanactt ttaicLuuag aabagbc-aga 
gLbtacctag aaottatctt c^aaaUvL 
qfcctsutct ctatccgtct azcioLubRh 
ctatauicb ahcraaagca aatticazgcc 
acanr^jgijrga gac-aaa^jii&L b^^gcaggaa 
aactbuacag oacLaggttc 

<21C> 117 
<21-^> 30D 
<212> imL 
^213> Hmn sapiens 



tii^gg;:a-a acactbtgat gtzgacacha 60 
gtctctatiL crntctctgt ctceabcttt 120 
atctabctat ctatcLuLct uhtzbahcrat 18 G 
oLiutcct&t ttaLbqaa-c gagaccac£t£3 2dC* 
bjigggargig battabctgt ggcataagga 30C* 

320 
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<400.> 117 

gccr-ttocca gjictctagna gcagcLcairc atcgg<jggf.r5 rteggca^at agrrgggcaaa 60 

attcaaa3<^j tatcz-gggct cLaH<.T5?t-.g^t tcccattggr. ctctcccwuu <:thah7t.cco lie 

LcuLLcahr-fT atr.cattcat tcahccattc attcaztcac catgc|A<^r.nh gtcctccctg leC 

tsarctgcac tcggaayc-c tgtgzaca<j3 cgactgtgto ggccaggctg gataA-c^gg 24C 

agctrttcaft ccca^aggftg gggtcttcgg tgocLect-tg ggcaczoago aeef.hgggct 300 

<210> 118 

<2ii> 3on 

«400> 118 

agcu.ix:c:Hga JicrgTcgaoL qqcacaga^u nggcactia^ sqancr.ctca cigaabgaat €0 

^ToatsTaatga atgaaigaaL gaatgaat<ja angaargtit ggrcaaataa acyiiLgaraa 120 

ggacagaagg gccLuvcggg aagggaaeaq gagza«*aac= agcgcacaga ccj^dcnr^tg ISO 

thcHgaag=JC Ctg^fjabtcg acctgayyag ttcaartLtq crahgaatct? litaattaacc 24 0 

trr-g^ggtcc ccagztcctc cccuousfcrqo ccaggac&^t: agagtca&uj Lua::gr.r.t.ga 300 

<210^ 119 

<'^11> 143 

<212> I^A 

<313> Haiio eapienfi 

<40r>> 

gtgagttago cgttcagcga Latu.arata ttatgaaaca ttaLLnLtat tattattatr. 6C 

atCaULutba th«itrattai babtattatt Lgagacggac tctcgchctg tcgcce&ggc 120 
tiyaa^cgcag tggtigcgar ctg 14 1^ 

<210* 120 
<i211> 279 

<2i:>> nNA 

<2i;$> Homo aapiexi£} 

<40Q> 120 

ccaztcatLc uatcaracac coaratctgc oLatctgtct aietatetafc ct.^tctatet eo 
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atctatetHt rts.tcr.gcct atcL9ci:L:Grc 

accaggg^ac? ttttdttccc a^u^^ubart 

yhcac«aatg ggfttgaAtrt tactggcazc 

caccccacag cgoacaagac ^gaccca^iuu 

<210> 12 X 
<2X1> 263 



39 

ccacctabrc nhm^a tggca abt^jcttgca 123 

tgffctatgrja tgacaacaaL LLLtttggrt 18 n 

Lyy.^jggtgs agcecaqaca ngctgctcaa 24?, 



<:4Ca> 

'cattaarcz JigcLLLLuuu siacaAcHaal 
afigaaggaaa ao&adttttt r.tctcgca.c 
«actatiat tattahfcatt at;;aLLaUr.t 
zcccLirLyLt. ttgnrthcr.r rgagatutzn 
rttacabzfTc atcaaccggg ic. 

<210s- 12?^ 
<211> ±^J 
<212> DN?» 
<21'K> :£omo sapiens 



ttcat-tcaa aL<jfc7tg^ta ztzcaaa.qcc co 
accatztaiL ha::t-Att:att atrattat;;a 125 
actaaorjaat ggga::tggLa ay.Ltsstga IBS 
ccagdictact ttccactrtQ a-r^r.^ggaa 242 

26.i 



<^C0> 122 

gt.ggtot-et acrtgtgtca ataea^atag aca^ubaqat agatagaraa atagatagac 60 
agatagarag atagatagdwt ayuUitghnt gtc^tttcta tgacacai^c: ctcattttiL 
gcuL'Ltgagr fc '^3^ 

<210> 123 
<2ll> 372 
<212> DKA 
<21^> Uomo saplena 



<403> 1?.^ 

eatgngcccc i-aaagcgviag 
acCccLCiiut tgcccaccca 
ta^a^^tc catctatoLa 



c>r*&actL:sar ccagtgtcac 
rc::r.ataCvC aoLgtctgga 
•-c^atccaro bntctatcta 
Rcr.bgtccit a^t^ctlcaa 



aaaarggcov LUiacrgRaTt 60 
ttraitj^cr^.^: Atagtaaaic t2:> 
cstarctetc baLOtgLg-a \bo 
tt^catata atgagaaaat 242 
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ggrcata:xtt tcctqacjngc ngimttAccii 
acacicattcrr. cacr-tctugg ttaLLucxirc 

^210> 124 
c.211> 24-3 
<212> CNA 
^ai.'S^. Homo r^apiejis 



tagtoigr-goG aii:KTii<jttj7c: aoranc^ggg 3 CO 
ciaCgtttncc' utbuccnba aevC^naatt 360 

372 



<4:QD> 17A 

agctacagca aa7t:;catgt c^acaaaagcc 
Agatagacga taga:xL<iaLa yatnga^aga 
garjiragatt ctctt!Letc?t qcat:t.ct;;c&t 
taac^ccUag octigccagg-c haccatg^jUi 



acacccakna rrhttmcct ctagaracjaz €0 
rai^ataqata gatagauicia La^jaUagata 120 
cLatiM^tLCt gtCtt-CtCL haahhat-ggg 180 
agRcaacctt Lattzctctt -tctcctggc 240 



.:210> 125 
.i211> 325 
«t212> DNA 

<213> Hcnc sapiens 

<400> -yTi^y 

^gggaggaa gccagtggat btiggaaacag 
tgcctgocCL iiuLLccztcc fctRcttcctt 
ar.cocrtaac ttActnasta ac-c«^ttatt 
ctagggoLtgt aggcatgaac ac^gacuiugg 
9dg^^g^gA<^ aggg^agaag ccaffcaaat.g 
ad^raaa^aa ogcaicgatg tcaca 



auuT.ggct.tg gccttfjcet?? cctf5C=^cc €0 
CcttCCtCCC U'.CCLLucLL ccctCC^ca L20 
ar.gggccno<] Lgciiqrqtacrc a-gnh«ggta 180 
grctcrggH" c-gcfc^tT^ct. cgtaggaaaa 24 C 
ca&o^av:aHg aaacagtzct aagrgctaqc ^Q0 

S2b 



<?.20> 126 
<2ai> 2€5) 

<2i2> mah 

<2l^:* Homo eapiena 



<4go> izc 

aaagctaUua LzgtacqRct gcactcca<:rc 

aaa<yaaMta ggaaggaagg aaggaaggaa 

ftg^tagaaag agag&agalL LLLutneggg 



ctgggoikaca gaataagart ctgtzgaagg fiO 
ggaomnagg aaggaaggaa ggaaggagag 120 
caazgggcgc acoaaaatat cagaaaLcac IBO 
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t!5-cr.aaagaa cttattcatti taaccaaoac CMincfcgttcc tiaaaaacct attgaaa'-aa 2-ao 
anacagcuci uiia»ui(acjHa Agaggnn^ta pj^il 

<'^10> 127. 

<2:l'^> UNA 

<213> Ha:ciu Aspi^ns 
<4C0> X21 

asagtcr-tca aapf^atcchg aagtt^^LcL taagccagca tl:v-:t:taaa;=c rcraagcjagg €0 

caacaAaa.ya L-.Liiaacagt: gtaca^ca^^s tggtgacict gaaaccagag LLsjLtt=acn 12C 

gcLuuiiLsjc:: ancrcgagat C^Atttgcca tgaLajjaLgg cttcctagac i:::«nr.taggc IBC 

tcttaattafc ggagacagtL «Latztac-t ctgLtar.n^g gccgatgagq tgaaataiLt 24C 

gcaaaawat c-atcLaLuL ntahctat&t: etatcta;;ct aLcLaLiikah nhatctaiet :^0<: 

u.c::ahc::ar craceatctt atatgtgtiy litgttgaggr Cg^:tt:,qagfit accccetzagg 36C 
aqaaa^gaa a'.aLLLL 



':212> DNA 

<?'^13v Horn:? eapiens 



<4GC> I2n 

tttrrgac^og aacttaaact gt^egtCOLv 
aaccacaz^C tCaycacr^r tgggtCC'2^ 
gHcttctcrg t^rccgttatc gtgLgagtca 
©tttgtagat ggatagaaca Lyatagatag 
ag&Uiganag ntagatdjcrat tctgtttcro 
tttttctttt ttgttba^tt catcgciLauc 

<21C> 129 

s-211> 372 

<2^7> DNA 

<:^13> Homo saplen^i 



chhcrttctca gaectttgaa cccagacLv* so 
gctzgccacLg Lycvcaagi^g oagcLtctngg 12U 
actccrrgrt nhaaaattat atatacataz 130 
acacjataggt agatagaLa^; atagatagaz 24 0 
Lggagaaczc toatgca^r.t*. gcccacacbc 300 
fcraccttcrg aaat: ^44 



<«0C*> 129 
aaagcLuuat 



ccaa tcaga ta?rqtagaca aaLavngtagg taggta?raca qncngacaga 60 
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ctagatajiaL <jc35iv;<a<j^cta gaca<jaha^a 
jiK^uLuc-aLHg Htngatagat agaLcxratag 
t«:^qcracat^C tagt-tctCL yLtiactcttt 
t^tcacaaga g9CiLaMuqs4H ccraatatau 
Aggtacacian n^taccati^a cxtccc\.Ltg 
aoLcauc^li.-:: ct 

^2ll;» 355 
<.212> DNA 
•c2L3> EcTic sapiens 



tacgtacata cataagatag atiigiitagar. \2Q 
aCciga-^gat agagacagac tta<)rtan;3t-t 160 
ga^irtgrjaa^: tataaaaaat actctrttac 24 0 
tgccactgct CfLvLcLca.H:: agtgacacycc 300 
ggctcrgac?^ qhc?t:<7ntgcc tgcaQccacc 36 C 

372 



ttacctaaaL tjL;.ibc:t<Mga ncatacctna 
r.tctCGCCcC cttacegggc agttgLLb^t 
vtgaga.gaua HaH;ia;;ctat ocgtct?rtnt 
cawLaLctut rha-cTatct accLatctat 
gaacacaqac taa^gcaggt c:aL<iactagg 
ccrgcTacccr. agagg&ggaa cctant.rcct 



atctcLuLcL ch«:t:t"ctcc otr^'Jictcc 00 
agcatatat-.R -caatrtgao bttqazgtrt 12C 
atctatccat ccatccdLuL a-tcatrrrjart ISC 
cLcxLstatct atGtarcotq ct-.tr.nctaga 2AC 
CLtcenn-ccc cactaa^jcr-at ngtr.cagggu 30C 
ttctttcccc ;:g9^a.ucaL: tgctr. 355 



<210> 
<211> 320 
<21^?' racA 

>:oiT.O fiapicizm 



<400> 131 

tBBctgtaa? attt^cLuca &r:gttaataa 
hftt:hi;gaaca r<re^fircaaa tatCgtU^a 
gaattttatt ^aatt^tatt taLLLaht:ta 
gagLuuLgch cf^sgccca n^cbagagtg 
ttqn^ccg ggrtcaayua attctocttc 
c^tgtaocac uucgcnrgct 



ccaaat:;gic Latgaggtgg -gtaarace!^ <;o 
gagacaaaat taaagaaaga atga^ccttg 120 
Ttcabtratt tattbactLa '-tbagngaca 18G 
caabggcarg atcttg^rtr actgcaattt 240 
r^hrjigccttc caagtagctg ggattauagg )0G 

32 G 



<210> 132 
tf2:.lv 1159 
<212> 13R7v 
<213> )Tomo sapiens 
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*£4D0> 132 

tt9cjc:jLcc^c: a*icfnT:caar:t: agcgt^ttct 

tttcttttc^ tttCwtcttC tcaag-ecagg 

gtggcgcaat caagciLLLa:: tg-n^gcczoa 



tttcLLLvci: Lr.tct^ttct ti:t:;trt^cL 6C 
LLcUcficnch crtcacicagg cragaotgca I2t) 
Acttrctgg 159 



•;210> 133 
<21I> 22^ 

<:2V2'> DMA 



<400> 123 

uacag^hcA atggatgcaz a^qtagata^ 
aqabagacag ataga^gao a^Bcagaca:^ 
g^gaatcag atcaavjLgur. Hh^aggctrr 
ggagacccag grjaeactagg ac-catggwt.c 



aLugatagat acat&qat^i^ ^haq^an^gat 60 
nrngBcagac a^atgaga^g ggat^:tatCa ISC 
aaaaatcccu L|;acagtcc9 rcrgcaagct 18n 
agtccagctc naaa^gr.na 22^ 



<210> 134 
<?,-Ll> 379 
<i:-2> DKA 



<400> m 

agc:-ca.'.tat. aacc^cacai:! artgaac&ca 

agagcatgac icgcacaarc tcacgcLLec 

tttggggaLL ut^ggghgccig trgaaaarcc 

ctagta&tag cctactgttg actggaagcc 

easacacaca cacaoacttci* cacacacaca 

Ghbgr.tictgt tgcccagcrct ggagtncact 

ctcc;gg»tb c&agcgg^t 



bqcatgtaac L'uqcasccag nt.hangaaac 62 

tir.trtagacac tacagt^gac ccttaaataa 120 

aagtiaLaatt t^g^ctccct gcaaaCfifUaa lOO 

LLacstgactT actacataac fr^cdcacaca 240 

cacacacata caLaLabttt gagatgcagt 330 

ggcacgoLcz cggchcacrg caacctocge 3^0 

37$ 



<2iD> xyo 

<211;> 3B7 
<212> DilA 

<213> HoitC da^luM 



<409;' L33 
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gaatiatuac cch^sii^tgat tsacagoagc; 

LLcLyy^aag HtnttMcan tgtnacarac 

rxfetg-aeacg gttctaaaaa LyLcaacagc 

tgttatagga at;cLLuticL$T c;qaat^aagt 

tigactgctL aaactgaacft: ca:iacaa9C£i 

aiLi:LvJriH!ia cagacctgrg cagztig;|kaf: 

c^chhrirrigRg argacgacaa cccacct 



nr.::rgccaaa ttctattttg tggeaaaa-.a 60 

acacacacac acacacacac acacacaaac: '.?.:> 
ttccittcrc'l-. qgF.ggaat.rc ccagt9t=-t ;i8:> 
rraLflLHtagca gtggcaatg*::' aa«i_gV.thr.a 24:> 
ttatctcact rtzttti<ili4^& ar.artattca 305 
aattatgtgg tacacaga-g agaaaclZQucr nST/ 



